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SKELLY 





TYPE & A center retort, underfeed 
stoker designed to burn either 
coking or non-coking bituminous coals. Ap- 
licable to boilers ranging from 150 to 600 ‘ 
rated boiler hp. It is the best known and most 
widely used of all underfeed stokers and has 4 
been the recognized leader in its field for the 
past quarter century. This C-E Type E Stoker 
is available with either integral steam piston, 


electric or hydraulic drive. 
4 Pp R B AD E R Combining the advantages 

of burning fine coal in 
suspension and coarser particles on a grate, 
the C-E Spreader Stoker has an unusually 
wide range of application. It is suitable for 
boilers ranging from about 150 rated hp up 
to the largest sizes of stoker fired units. The 
C-E Spreader Stoker burns all types of both 
bituminous coal and lignites. It embodies spe- 
cial features of design and construction which 
make for reliability and efficient performance. 


SKELLY The C-E Skelly Stoker is for 


the range of service from small 
heating boilers up to units developing 400 hp. 
It is the outstanding value in the smaller 
stoker field with many features ordinarily 
associated with big stoker operation. It is serv- 
ing factories, laundries, dairies, greenhouses, 
hotels, warehouses and all kinds of institu- 
tions. It is available with either electric or 
steam drive in three different types: center 
retort, or side retort, each with moving grates; 
side retort with stationary grates. 








LOW RAM A ram type, underfeed 

stoker designed to burn 
either coking or non-coking bituminous coal 
under boilers rated up to 250 hp. Low and 
compact, it is especially suitable for low-set 
water-leg heating boilers where head room 
and furnace volume are limited. Notable for 
rugged construction, simplicity of operation 
and accessibility of all vital parts. Available 
in center-retort and side retort types. 











LOW RAM 


Wray SAY “Here’s your stoker” and point to four of 
them? Because only one stoker will suit your needs 
exactly. Hence the advantage of selecting a stoker from 
the extensive C-E line. You get the stoker best suited to 
your conditions — designed to burn your coal —to fit 
your boiler — to operate efficiently under the load condi- 
tions at your plant. 

When C-E engineers offer recommendations to a pros- 
pective stoker purchaser they have complete freedom of 
choice. If, for example, conditions indicate the use of a 
single-retort underfeed or a spreader stoker they have a 
complete range of types and sizes to choose from as illus- 
trated and briefly described above. 

All four of these stokers are built to the high standards 
of design and workmanship that distinguish C-E equip- 


ment in the field of steam generation. Collectively they 
are serving hundreds of industrial plants throughout the 
country. They are establishing records for dependable 
performance, low operating costs and minimum main- 
tenance which prove them to have been wise investments 
for their owners. 

Viewed from the angle of experience, C-E is excep- 
tionally well qualified not only to make recommenda- 
tions of the most suitable size and type but to design, 
build and install stokers correctly. C-E’s stoker back- 
ground covers more than forty years of experience with 
stokers of all types and includes, in addition to these 
four, multiple retort designs and both bar and chain-type 
traveling grates. 

Write for additional information. 


Over 16,000 C-E stokers have been installed under boilers with a total rated hp of 4,500,000 
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NUMBER EIGHT 


REPEAT ORDERS 


for COPES Flowmatic Regulators have been placed by these users: 





No. of WSP Max. Evap. 


USER (Any name on request) Date Boilers Lb. Lb. an Hr. 


No. of WSP Max. Evap. 


USER (Any name on request) Date Boilers Lb. Lb. an Hr. 





Chemical Manufacturer... .PlantA..1937 1 1325 300,000 


Plant B..1940 4 420 300,000 


Industrial Company........ Plant A..1938 1 450 100,000 
1940 1 450 100,000 

PlantB..1940 1 450 48,000 

PlantC..1940 1 500 50,000 

PlantD..1940 1 600 70,000 


PP iicccnereecexnkencnpee 1937 1* 600 350,000 
1940 1* 620 350,000 


SE CNY 6 os.csecsncc ds Plant A..1939 1 650 125,000 
Plant B..1940 1 460 120,000 


Es 6.00 sce hineecivedwexckan 1937 1 600 100,000 
1938 1 600 100,000 


PE bs oan sk a hoo s Oe 1938 2 440 35,000 
1940 2 440 52,500 


a ore e ee Te ere TT 1937 1 130 25,000 
1939 1 130 25,000 


a eee TT ener 1938 1* 400 85,000 
1939 1* 400 85,000 


*Two COPES Flowmatic Regulators per boiler. 


rere Plant A..1938 3 250 150,000 


Plant B..1939 1 660 150,000 

PlantC..1940 1 175 40,000 

1941 1 175 40,000 

Textile Manufacturer....... Plant A..1937 2 450 200,000 
Plant B..1939 3 600 75,000 

1940 1 600 200,000 

Utility Company........... Plant A..1937 1 850 400,000 
Plant B..1938 1 875 400,000 

1939 1 875 400,000 

1940 1 £875 550,000 

Plant C..1939 2 875 400,000 
ee 1938 1 675 150,000 
1939 1 675 150,000 

Utility Company........... Plant A..1938 3 400 140,000 
1940 2 400 225,000 

Plant B..1939 2 475 200,000 


ee 1939 1 1300 300,000 


1939 3 1300 300,000 


re 1939 1* 690 550,000 
1940 1* 690 550,000 





OMISES might sell a first order—but no 
P... today repeats with any equipment 
until it has made good in regular service on 
the job. And the COPES Flowmatic Regulator 
has done just that for all these users. Since 
1937, when the first Flowmatic was placed 
in service, these 15 users have released 25 
repeat orders for this simplified two-element 
steam-flow type feed water regulator. 

All are getting close water level control, 
with feed flow exactly as needed for their 





steaming conditions. None have had any par- 
ticular operating or maintenance problems. 

If you want effective feed and level con- 
trol on your modern boilers, investigate the 
COPES Flowmatic—now in service on more 
than 200 boilers. Write for Bulletin 429. 


NORTHERN EQUIPMENT COMPANY 


216 GROVE DRIVE, ERIE, PA. 


Feed Water Regulators, Pump Governors, Differential Valves, 
Liquid Level Controls, Reducing Valves and Desuperheaters 


FEEDS BOILER ACCORDING TO 
STEAM FLOW+AUTOMATICALLY 
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Let There Be Safeguards 


Commenting editorially on The Economic Future, 


Engineering, London, says: “Under the stress of war, 
industries and individuals alike have cheerfully ac- 
quiesced in the imposition of emergency legislation, not 
always prepared with the degree of forethought that 
should accompany the surrender of longstanding liber- 
ties. There is some reason to suppose that strenu- 
ous efforts will be made, when the war is over, to 
establish much of this departmental control on a per- 
manent basis. The same tendency was quite plainly 
in evidence at the close of the war of 1914-1918, and 
some of the temporary departments, created to meet 
the needs of that conflict, are still in existence, although 
few can be regarded as absolutely essential. If trade 
and industry are to be set firmly on their feet again, 
at the conclusion of the present hostilities, it is highly 
desirable that the people, who will have to do the real 
work of reconditioning, should be allowed to do so in 
their own way and with the minimum of supervisory of- 
ficiousness and form-filling. 

“In order to combat Germany, unified by decree, 
which Nazi spokesmen have declared their intention to 
enforce as one of the basic features of their new social 
order, Britain has been obliged to adopt similar tactics 
in the organization of the nation’s finances, industries, 
overseas trade and, nominally at least, the person and 
property of every individual. The danger is not in 
these far-reaching powers being used in time of war, for to 
do so on any extensive scale might easily slow up the 
war effort more than accelerate it, but that the promise 
to restore the pre-war freedom of the ordinary citizen 
may not be implemented.” 

These observations may well be given serious con- 
sideration in this country at the present time while we 
are in the midst of evolving means to combat the aims of 
totalitarian powers. As W. L. Batt so ably pointed out 
in his address before the A.S.M.E. in December, “‘Na- 
tions have spent decades preparing plans for the con- 
version of a peace-time economy to war-time economy, but 
none has seriously undertaken preparation of plans for the 
opposite process.’’ To this end he urged the immediate 
study of long-range problems that would ultimately 
absorb the labor and capacity involved in our accelerated 
defense program. It would be most unfortunate were we 
hastily to adopt, under the stressof the present emergency, 
any measures that ultimately would be likely to hinder 
free initiative and efficient production and thus handicap 
our post-defense efforts. 

The supply of electric power, because of its basic rela- 
tion to industry, is not immune from these considera- 
tions, for again, to cite the situation in England, present 
regulations there prevent the construction or extension 
of electric generating plants without authorization by 
the Electricity Commissioners. Although existing con- 
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ditions there may justify such measures as a temporary 
expediency under the electricity supply setup obtaining 
in England, any comparable restrictions in this country 
would be inimical to furthur economic growth of the 
electrical industry. 

Both here and in England there is an inclination to 
accept, without question, a large measure of govern- 
mental control in times of stress, but these measures 
should be accompanied by adequate safeguards to assure 
relinquishment of such extraordinary functions when the 
emergency has passed. Powers once gained by com- 
missions, like taxes, have a habit of staying. 


Port Washington Station 
Sustains Its High Performance 


For several years past COMBUSTION has reported in 
detail the annual performance of the Port Washington 
Station, which has consistently maintained its lead as 
the world’s most efficient steam-electric generating 
plant. In the absence of such a report in our January 
issue of this year, several readers, who presumably have 
followed closely the performance of this station, inquire if 
last year’s figures are available. Believing that others 
may be similarly interested we are pleased to give a few 
of the high spots of the 1940 operating record. 

The station heat rate (weighted average) for 1940 was 
10,198 Btu per kilowatt-hour gross, or 10,729 Btu net, 
after allowing for the auxiliary power. For the five-year 
period of 1936 to 1940, inclusive, these weighted aver- 
ages were, respectively, 10,248 Btu and 10,813 Btu. 
A consistent improvement has been shown each year 
since 1936 when the net average was 10,954 Btu. The 
coal per net kilowatt-hour output last year was approxi- 
mately 0.8 pound and the station water rate averaged 
7.59 pounds per kilowatt-hour. 

The demand availability factor for 1940, that is, the 
service hours divided by the demand hours, was 96.3 for 
the boiler and 92.7 for the turbine; thus making 92.7 
per cent for the plant, as it contains a single boiler and 
turbine. The corresponding figures for the five-year 
period were, respectively, 95.2, 93.1 and 90.5 per cent. 
Of the total outage hours, 82 per cent was for general 
scheduled inspections of the boiler and turbine. The 
ratio of the average hourly output to the rated hourly 
output of the boiler was 64.9 per cent. No major diffi- 
culties are reported. 

Through the courtesy of the Wisconsin Electric Power 
Company, we are in a position to furnish a copy of the 
summary of the five-year operating data upon request 
from other readers who may desire such details. 

Added interest attaches to this well-known station 
inasmuch as another boiler and turbine-generator, in 
most respects duplicating the present units, are now 
on order for installation in 1942. 
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The Significance of Iron in Coal 
Used for Combustion 


By DR. A. H. MOODY, Chemist-in-charge, 
Consolidated Edison Company of New York, Inc. 


The significance of the presence of iron 
in the mineral matter in the coal used for 
combustion in the modern boiler is dis- 
cussed in this paper. Mineral forms, iron 
and sulphur relationships and pyrite dis- 
tribution in the original coal are described. 
The changes in the chemical and physical 
properties of ash during the course of com- 
bustion of coal are detailed. Limitations 
are imposed by the nature of ash upon the 
design and operation of large stoker- and 
pulverized-coal-fired boilers and the de- 
gree of oxidation of the iron oxide in the 
ash at any given point in the furnace is a 
vital factor. Boiler-tube slagging and 
erosion of refractories depend upon the 
inter-related properties of the coal ash 
slag of fusion temperature, flow tempera- 
ture, viscosity and iron content, especially 
ferric percentage. 


separable from western Pennsylvania coals reveal 

that over 90 per cent consists of pyrites, calcite, 
detrital clay and kaolinite (26)!. Of these the pyrites 
may run as high as 59 per cent in any one bench. Coals 
from central and western Pennsylvania and from Poco- 
hontas seams were found also to contain chlorites, 
muscovite, quartz and gypsum (9). Mineral forms in 
coal have been classified (6) according to elements as 
follows: 


[separate fom v studies of the mineral matter 


Element Mineral Form in Coal 

Iron Pyrite, marcasite, siderite, ferrous silicates 
Silicon Silicates, sand, quartz 
Sulphur (inorganic) Pyrite, marcasite, sulphates 
Aluminum Clay, etc. (generally combined with silica) 
Magnesium Carbonates, silicates 

cium Sulphates, carbonates, silicates 
Sodium and potassium Silicates, carbonates, chlorides 
Phosphorus Phosphate 


Other forms of iron reported to be present in coal are (15): 
ferrous oxide, ferrous carbonate, ferrous sulphate, ferric 
oxide, ferric sulphate and organic compounds of iron. 
Iron pyrites, FeS:,, occurs in two forms: pyrite and 
marcasite. Pyrite has a specific gravity of 5.1 (17), 
crystallizes in the cubic system and is but slowly oxidized 
in air, while marcasite has a specific gravity about 4.8, 





1 Numbers refer to bibliography. 
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crystallizes in the rhombic form and is more easily 
oxidized in air. 


Relation Between Iron and Sulphur in Coal 


Pyrites is very irregularly distributed in a coal bed 
and for this reason shipments from the same mine vary 
in iron content. Due to the high density of pyrites, the 
total iron in a coal may be reduced by washing methods, 
applied to graded sizes, but fine pyrite is not removed by 
this method. Variation in total sulphur as a measure of 
variation in pyrite between shipments may not be reli- 
able since the organic sulphur frequently increases when 
pyritic sulphur increases and the organic sulphur also 
varies independently within a given mine (27). Three 
forms of sulphur are recognized (24) as occurring in coal, 
namely: (1) sulphur combined with iron as pyrite and 
marcasite and known as pyritic sulphur; (2) sulphur com- 
bined with the coal substance and considered as organic 
sulphur; and (3) small amounts of sulphate sulphur 
in the form of calcium sulphate and iron sulphate. 

Seven coals from western Pennsylvania were examined 
for distribution of iron and sulphur (6). Pyritic sulphur 
was found to vary from 70 to 30 per cent of the total 
sulphur and organic sulphur to be about 25 to 65 per 
cent. Sulphate sulphur did not exceed 3.2 per cent of 
the total sulphur in freshly mined coal. The analytical 
methods used to determine these relationships were the 
methods of Powell and Parr (22). The total sulphur is 
determined by the usual Eschka method. Acid-extrac- 
tion methods are used for determination of the pyritic 
sulphur, iron pyrites and sulphate sulphur. The organic 
sulphur is taken as the calculated difference between the 
total sulphur and the sum of the pyritic and sulphate 
sulphur. Digestion of the prepared coal sample with 
dilute nitric acid (sp. gr. 1.12) is assumed to dissolve 
the sulphur existing in the coal as pyrite, plus the sulphur 
in the form of sulphate, and, in the case of iron, the 
pyritic and sulphate forms. Digestion of another 
sample with three per cent hydrochloric acid gives only 
the sulphate sulphur and iron sulphates. The sulphate 
is then determined gravimetrically as barium sulphate. 
The hydrochloric acid-soluble iron is deducted from the 
nitric acid-soluble iron and the remainder is assumed to 
be the pyritic iron in the form of pyrites, FeS,. The 
sulphur calculated from this iron value is designated as 
“pyritic sulphur calculated from iron.” When the 
calculated sulphur value is lower than that determined 
directly from the acid extractions, Powell recommends 
considering the calculated value as the correct one, as he 
finds certain coals may contain a small amount of easily 
oxidized organic sulphur which is taken into solution by 
the nitric acid. 


February 1941—COMBUSTION 








a 





Distribution of Pyrite in Coal 


Selvig (24) obtained data showing that pyritic sulphur 
in certain Pittsburgh coals runs from 14.7 to 79.4 per cent 
of the total sulphur in coal samples taken from various 
points in the seam. The same coals also have a wide 
range in their A.S.T.M. softening temperatures, 2180 
to 2700 F. ‘Fractionation of two types of coal by 
means of gravity separation shows entirely different 
distribution of the pyrite in the gravity fractions of the 
two coals. This is illustrated in Fig. 1, as calculated 
from Selvig’s data. In the case of coal A a constant per- 
centage of pyrite is found in each fraction until the final 
heavy fraction is reached. In the case of coal B the 
pyrite increases continuously with each heavier fraction. 
These two coals might be expected to behave differently 
in respect to slagging tendencies in the boiler furnace. 


Changes in Ash During the Combustion of Coal 


In the combustion of coal the moisture is first driven 
off, then the volatile matter with the formation of gas 
containing carbon dioxide, carbon monoxide, hydrogen, 
methane and other hydrocarbons. At this stage the ash 
also undergoes some changes. The water of hydration of 
some minerals, the sulphur trioxide from some sulphates 
and one-half the sulphur in the iron sulphides (pyrite 
and marcasite) are driven off. This stage is followed 
by ignition of the carbon particles with the generation 
of large quantities of heat and a sudden increase in 
temperature (16). Now the ferrous sulphide is oxidized 
first to the sulphite and then to the sulphate with ulti- 
mate thermal decomposition of these products into the 
oxides of iron, FeO, Fe2O3, and Fe;0,, and the volatile 
oxides of sulphur. Various intermediate compounds 
may be formed (14). The organic compounds of iron 
burn to the oxides. 

With increasing temperature the particles of ash of 
lower fusion temperature reach a sticky stage known as 
the agglomeration point (25). This temperature is 
exceedingly low for iron compounds as shown in the fol- 
lowing table in comparison with the corresponding fusion 
temperature. 


Agglomeration Fusion 
Point, deg. F Point, deg. F 


Pyrite,FeS, 840 2140 
Ferrous sulphide, FeS 860 2179 
Calcium ferrate 

92% Fe.0;, 8% CaO 869 2197 
Ferrous oxide, FeO 1065 2588 
Calcium oxide, CaO 2100 4662 
Calcium silicate, CaSiO; 2313 2804 
Magnesia, MgO 2311 5072 


The low agglomeration point of the ferrous compounds 
is undoubtedly a prominent factor in the selective deposi- 
tion of iron compounds on boiler tubes and indicates 
why the analysis of slag deposits generally show higher 
iron content than the average coal ash (4). Since these 
sticky compounds are derived from the ferrous form of 
iron a reducing atmosphere is conducive to their forma- 
tion and stabilization. 


Relation Between the Nature of Ash and 
Furnace Conditions 


The impurities in coal used for combustion in boiler 
furnaces are chiefly responsible for difficulties in ash dis- 
posal, dust problems, clinker formation, refractory fail- 
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ures, stoker maintenance, honeycombing and slag forma- 
tion on the heating surfaces and for atmospheric polu- 
tion. The causes, effects and prevention of slag ac- 
cumulation in boiler furnaces have been discussed in a 
report of the Power Station Chemistry Subcommittee of 
the Edison Eleetric Institute (23). 

Forced outages of boilers are most frequently caused 
by slag formation. Increased severity of service de- 
mands more efficient combustion, higher ratings and 
the use of lower grade fuel. The nature of the ash in 
coal is an important factor under four conditions of 
furnace operation: excessive load, insufficient grate 
area, preheated air and unfavorable firebrick condition 
(10). Slagging and clogging of tubes result in over- 
heating and failures in superheaters. Formation of 
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SPECIFIC GRAVITY OF FRACTION 


Fig. 1—Relation between ratio of pyritic sulphur to the 
ash content and the ome oo of fractions of two types 
of coa 


slag on the boiler heating and transfer surfaces con- 
tinue to be among the major problems confronting 
the manufacturers and operators as reported by the 
Edison Electric Institute at its annual meeting, June 
1940. It may be noted that the nature of the ash and 
the temperature it attains in the furnace are more sig- 
nificant than the quantity of ash involved. It is desir- 
able so to design and operate the boiler unit that the ash 
coming in contact with the walls is kept below its soften- 
ing or sticky temperature thus producing a dry ash or 
nothing worse than a spongy ash which falls off from its 
own weight or is easily removed. 


Stoker Furnaces 


Recent studies (16) of temperatures and gases pro- 
duced within the fuel bed have clarified the behavior of 
coal on the stoker-fired furnace. The tendency for coal 
ash to clinker in fuel beds is most conveniently measured 
by determination of the softening temperature of the coal 
ash under reducing atmospheres as prescribed by the 
Standard A.S.T.M. Method for Fusibility of Coal Ash 
(1). The initial deformation and fluid points are of less 
value as far as clinkering is concerned but find their 
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application in the study of slagging which will be men- 
tioned later. 


Pulverized-Coal Furnaces 


A feature of fly ash which has long been known (8) 
is the segregation in the furnace so that the ash adhering 
to the walls has a higher iron content and a higher fusing 
temperature than that obtained in the A.S.T.M. test on 
the original coal sample. The latter is determined 
under reducing conditions whereby the iron is reduced 
more or less completely, while the former ash is prac- 
tically fully oxidized, thus converting the iron to the ferric 
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Fig. 2—Softening interval of free fusible material as a 
measure of boiler-tube slagging tendencies in coal 


condition. The author pointed out a number of years 
ago (18) by examples with synthetic coal ashes that the 
fusion point of the ash is a function of the atmosphere 
surrounding the ash and that the extent of the latter 
effect depends on the ash composition. High-iron coal 
ashes were found to have softening temperatures up to 
300 deg. F lower in reducing atmospheres than in oxidiz- 
ing or neutral atmospheres and the amount of lowering 
was lessened as the reducing gases were diluted. This 
is an important fact in considering the behavior of the 
ash in the furnace. 

To obtain ash in the dry form the iron in the ash must 
be highly oxidized to the ferric condition. This means 
that combustion conditions must be maintained by fine 
pulverizing and proper air adjustment and turbulence 
so that carbon deposits do not accompany the ash par- 
ticles deposited on the walls. Otherwise, the reducing ac- 
tion of the carbon will tend to keep the iron in the fer- 
rous condition and hence produce a lower fusing tem- 
perature and a sticky or vitreous ash will result. The 
heat absorption rate of the surfaces must also be main- 
tained to keep the walls cooled below the sticky tem- 
perature of the ash. 

Tendency of fly ash to stick to upper boiler surfaces 
under good conditions of combustion would be indicated 
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by testing a cone of the fly ash for initial deformation 
temperature under oxidizing conditions. An electric 
furnace for the suitable determination of fusibility of 
slags and ashes under selected atmospheres was described 
recently (5). 


Slag-Tap Furnaces 


The importance of iron in the slag of slag-tap furnaces 
lies in its influence on the ease of tapping the molten slag 
from the furnace. During the tapping operation it is 
customary to reduce the excess air and to direct the hot 
gases onto the slag bed. This not only raises the tem- 
perature of the slag to its fusing point but it also lowers 
the flow temperature by reducing the iron in the slag 
to the ferrous condition. On the other hand, it is im- 
portant not to increase the furnace temperature and de- 
crease the excess air unduly; otherwise, the fly ash ap- 
proaching the boiler tubes and upper surfaces will not be 
sufficiently oxidized to hold their higher fusing tempera- 
ture and the ash particles will not be cooled below their 
sticky point before impinging on boiler surfaces. 

For the best tapping of slag it appears desirable to 
have a somewhat higher iron content in the coal ash. 
This may be explained as follows: 

When the slag contains a higher percentage of iron, 
there is a wider spread between the fusion point of the 
ferrous or reduced slag and the oxidized (ferric) condi- 
tion of the fly ash. With a low ferrous fusing tempera- 
ture it is not necessary to raise the furnace temperatures 
as high to maintain flowing conditions at the slag spout. 
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SILICA— ALUMINA RATIO 


Fig. 3—Initial deformation of temperature of coal ash as 
related to iron oxide and silica-alumina ratio 


This is beneficial at the upper part of the furriace since 
the gas temperatures are then not excessive and the 
fly ash does not stick to the tubes and walls. It is also 
desirable not to be too zealous in reducing the slag 
beyond its ferrous state for metallic iron will result and 
pigs of cast iron will accumulate on the bottom of the 
slag bed with dire results. 


Furnace Design 


E. G. Bailey (3, 4) has stressed the importance of the 
degree of the state of oxidation of the iron of fly ash in 
furnace design and operation. This has become more 
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fully realized from field and laboratory work on the 
rate of heat absorption in furnaces and boilers (2). 
The ash in the fuel is considered the greatest problem in 
the design of the unit to satisfactorily and efficiently 
use the fuel supplied. Research programs by leading 
boiler manufacturers to the extent of $40,000 per year 
are being carried out to aid in the ash slag problem alone. 
In those designs which employ primary and secondary 
furnace spaces with drip-slag screen tubes between, 
the primary furnaces provide a combustion zone of 
high temperature and highly reducing atmosphere and 
the secondary furnace strives for lowered tempera- 
tures and fully oxidizing gases. Whereas certain govern- 
ment specifications (11) limit coals to a maximum of 20 
per cent iron oxide in ash it may be predicted that a 
minimum of 20 per cent iron oxide may be the future 
requirements for best operation of the boiler of modern 
design. 


Free Fusible Material in Coal Ash and Tube Slagging 


In a recent paper, Gould and Brunjes (11) propose a 
method for measuring the clinkering and slagging proper- 
ties of coal ash by the determination of the initial defor- 
mation temperature of the ash from gravity-separated 
coal fractions. Four coals were examined by a modifi- 
cation of their method by determining the initial de- 
formation temperature and the softening temperature 
of the ash obtained from fractions of coal above and 
below 1.5 specific gravity. The coals had been graded 
from excellent to bad as to their desirability based on 
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Fig. 4—Softening (fusion) temperature of coal ash as related 
to iron oxide and silica-alumina ratio 


their slagging tendencies under actual furnace operating 
conditions. The softening temperature of the original 
coals and their heavier fractions were in the same order 
as their desirability but a much better quantitative cor- 
relation with the slagging tendencies was found in the 
softening interval of the heavier fractions. This soften- 
ing interval was obtained by subtracting the initial de- 
formation temperature from the softening temperature of 
the sink fraction at 1.5 specific gravity, designated as the 
free fusible material. The relationship between the 


softening interval of the free fusible material and the 
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boiler tube slagging tendencies in coal is represented in 
Fig. 2. No agreement was found between the iron oxide 
content of the ash in the fraction and the desirability of 
the coals. 


Erosion of Refractories by Coal Slag 


An analysis of the factors involved in the erosion of 
refractories by coal slag was made by Fehling (7). He 
found that the viscosity of the slag and the solubility of 
the refractory have a marked influence on slag attack at 
high temperatures. Solubility of silica and fireclay re- 
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Fig. 5—Fusion point versus per cent of iron oxide in coal ash. 
Like symbols represent the same kind of coal 


fractories increase rapidly with increase in iron oxide 
content of the slag above 25 per cent and much less 
rapidly in the case of high alumina brick. Using data of 
Moody and Langan (18) he developed a method of 
determining the solubilities of refractories in slag and 
showed the variation of solubility with temperature. 


Fusion Temperature and Iron Oxide in Coal Ash 


The effect of variation in silica-alumina ratio on the 
A.S.T.M. initial deformation temperature and the soften- 
ing temperature of coal as with constant percentages of 
iron oxide is shown in Figs. 3 and 4, plotted from data 
published in different graphical form by Moody and 
Langan (18). Constant iron oxide curves in five per cent 
steps from 10 per cent to 35 per cent iron oxide are 
given for silica-alumina ratios from 0.8 to 2.0. Up to 
20 per cent iron oxide, the curves show a maximum fusion 
temperature at 1.25 to 1.50 silica-alumina ratio but above 
20 per cent iron oxide increasing silica-alumina ratio 
continuously depresses the initial deformation and the 
softening temperatures up to the 2.0 ratio. The data 
were obtained by the A.S.T.M. method, firing with manu- 
factured gas on synthetic ashes of iron oxide, silica and 
alumina with 5 per cent flux as calcium and magnesium 
oxides. Since the use of manufactured gas instead of 
natural gas in the standard furnace results in a less re- 
ducing atmosphere, slightly higher fusion temperatures 
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are observed, especially in the case of ashes with higher 
iron oxide content. 

The plot in Fig. 5 shows the relationship between the 
fusion point (A.S.T.M. softening temperature) and the 
iron oxide content of the ash for twelve coals from 
Pennsylvania and West Virginia totaling 730 shipments. 
When all coals are compared there is a general tendency 
for coals having the higher iron oxide to show lower fusing 
temperature but the band is very wide and neither factor 
can be used as a measure of the other. The width of the 
band may be explained as being due to the presence of 
other fluxing agents and to variation in the silica- 
alumina ratio. 


Flow Temperature of Slags 


The flow temperature of coal-ash slags, as a measure 
of their slag tapping properties, has been related to the 
iron and the calcium-magnesium content by Nicholls 
and Reid (19, 20). They found that the degree of oxida- 
tion of the iron oxide in the slag, called the ‘‘ferric per- 
centage,” was the most influential factor in effecting 
changes in the flow temperature. Elevation of the flow 
temperature from 100 to 500 deg F was obtained by 
oxidation of slags containing 25 to 40 per cent equivalent 
ferric oxide and a 10 per cent lime-magnesia content. 
Below 25 per cent iron oxide the changes in the flow tem- 
perature with the state of oxidation was insignificant. 
Changes in lime and magnesia content had little effect 
on the changes in flow temperature with different 
atmospheres. 


Viscosity of Coal Ash Slags 


A study of the viscosity of coal-ash slags has been 
made on an extensive scale by Nicholls and Reid at the 
Bureau of Mines (21). They used the oscillating bob 
viscometer and obtained data over a wide field of coal 
ash compositions. The following general relationships 
were established: 

1. Five major factors of composition were found to be 
significant in the study of coal ash slags, namely, iron 
oxides, ferric percentage (ratio of ferric iron to total iron 
expressed as a percentage), lime-magnesia content, silica 
and alumina. 

2. For slags having an equivalent iron oxide content 
of 12 per cent and lower there is but little change in the 
liquidus temperature with decrease in ferric percentage. 
The corresponding viscosity change will not be more 
than 20 per cent. 

3. As the equivalent iron oxide content increases 
above 12 per cent, a lowering of the ferric percentage 
decreases the liquidus temperature until with 40 per cent 
iron oxide the decrease amounts to 400 deg F but with 
little change in the viscosity of the liquid slag. 

4, The viscosities of liquid slags decrease with in- 
crease in the percentage of lime, plus iron oxide, but are 
little affected by the ratio of lime to iron oxide. 

5. Plots show that as a first approximation the 
viscosity of the liquid slag is independent of the alumina 
content, and directly related to the silica content, at any 
given temperature above the liquidus temperature. 

Flow temperature of slag corresponds to a viscosity of 
about 80 poises except when the liquidus temperature 
occurs below 80 poises. The melting range of slag high 
in iron was very short and the slag is. changed from 
plastic to liquid in the range of a few degrees. 
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Conclusion 


Quantitative measurement of the quality of coal as to 
furnace behavior depends upon closer correlation be- 
tween test methods and practical furnace operation and 
design. The accumulation of mass data is important 
in bringing out the further relationships between slag 
behavior in the operation of boilers and the nature of 
ash in various kinds of coal. Further studies of the na- 
ture of slag and ash in the furnace and the physical and 
chemical properties of the coal ash at all temperatures 
are highly desirable. 
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Designation 





Shift in Officers of N.D.H.A. 


Fred L. Witsell of the Toledo Edison Company, who 
became president of the National District Heating Asso- 
ciation in May 1940, was recently made president and 
general manager of The Pueblo Gas and Fuel Company. 
Because of this he has resigned as president of the asso- 
ciation, and Leonard S. Phillips of the New York Steam 
Corporation, formerly first vice president of the associa- 
tion, has advanced to the office of president. John M. 
Arthur, Jr., of the Kansas City Power and Light Com- 
pany, advances to first vice president and Raymond M. 
Nee, of the Boston Edison Company, to second vice 
president. 
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Water Treatment 





at South Omaha 
Steam-Electric Station 


In this plant exhaust from the turbine 
at 30 lb pressure supplies the steam re- 
quirements of several local packing plants, 
hence there are no condensate returns. 
The raw water supply is from the Missouri 
River, through the city mains, and treat- 
ment for boiler feed is by the Zeo-Karb 
hydrogen-sodium process. Operating ex- 
perience with this treatment is given in 
detail. 


steam at 160 and 25 lb per sq in. for industrial and 
process uses to the Armour, Swift and Cudahy 
packing plants located at South Omaha. 

Briefly, the station consists of two Combustion Engi- 
neering Company steam generators of the two-drum, 
“VU” type (with 48-in. dry drum), and one General 
Electric back-pressure, extraction type, turbine-gen- 
erator. The steam generators are gas fired, operate at 
490 Ib pressure with a total steam temperature of 760 
F, and are each capable of a maximum output of 200,000 
Ib per hr. The turbine-generator is a 5000-kw, 80- 
per cent power factor, 3600-rpm type, operating at a 
throttle pressure of 450 Ib per sq in. and a temperature 
of 750 F, with extraction at 175 lb and exhausting at 30 
Ib into the steam transport lines to the packers. 

There are no condensate returns from the packing 
plants. However, the treated water receives a 15 to 
20 per cent dilution by the 25-lb steam that is used to 
heat and deaerate the feedwater. The demand for steam 
generation at 490 lb with a treated water makeup of 80 to 
85 per cent definitely indicated that the suitable water- 
treating system should produce an effluent with the 
following characteristics. 


| HE primary purpose of this station is to furnish 


1. Practically 100 per cent removal of calcium and 
magnesium compounds 

2. Minimum amount of residual carbonates and bi- 
carbonates 

3. Minimum amount of soluble sodium compounds. 


The most dependable source of raw water supply for 
use in this station is the Missouri River through the 
Omaha city water mains. This river water receives 
clarification and sanitary treatment at the city filter 
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By R. R. BRIGGS, Chemist, 
Nebraska Power Company 


plant. Its seasonal variations and mineral analysis 
are tabulated in Table 1, columns marked a. 

A thorough study of the various types and methods 
of water-treating equipment was conducted with respect 
to efficiency, cost of treatment, flexibility of operation, 
probable maintenance costs and capital investment, and 
resulted in the selection of the Permutit ‘‘Zeo-Karb”’ 
system using the carbonaceous type of mineral. 

This Zeo-Karb mineral, or carbonaceous zeolite, is 
usually manufactured by treating coal, lignite or wood 
with sulphurous acid, sulphur trioxide or chlorsulphonic 
acids, the treatment yielding a granular, carbonaceous, 
non-volatile material that is practically ash free. It 
has a semi-porous structure and very active positive-ion 
exchange properties when used in either the acid (hydro- 
gen) or salt (sodium) cycles. It produces an effluent 
with a minimum of residual calcium and magnesium 
compounds (4-6 ppm as CaCQOs), a controlled amount 
of residual bi-carbonate alkalinity (14-18 ppm as CaCOs 
in this case), and a reduction in total solids of approxi- 
mately 30 per cent. The treated effluent contains 
approximately 2 to 6 ppm of free CO, has a pH of ap- 
proximately 6.8 to 7.2, and is saturated with oxygen. 
Mineral analyses of the treated water from this system 
and of the feedwater from the deaerating feedwater 
heater are tabulated in Table 1, columns 0 and c. 

The system, as installed at South Omaha, consists of 
two hydrogen and two sodium units. One hydrogen and 
one sodium unit operate in parallel, forming a pair of 
units, and the four units operate as two pair of softeners. 
However, these softeners are installed so that each 
hydrogen unit and each sodium unit may operate inde- 
pendent of its companion unit. Each hydrogen unit is 
7 ft in diameter and 11 ft high, contains 245 cu ft of car- 
bonaceous zeolite, has a softening capacity of 1850 kilo- 
grains (as CaCOs;), and is capable of a maximum flow 
rate of 180 gpm. Four hundred and seventy pounds of 
93.2-per cent sulphuric acid, diluted to a 2-per cent solu- 
tion, and 12,000 gallons of water are used to regenerate 
this unit. The steel shells of the units and the piping 
from the units to the degasifier are rubber lined. Each 
sodium unit is 7.5 ft in diameter, 11 ft high, contains 
265 cu ft of carbonaceous zeolite, has a softening capacity 
of 1800 kilo-grains (as CaCOs) and is capable of a maxi- 
mum flow rate of 280 gpm. Seven hundred and eighty- 
five pounds of 98-per cent salt (NaCl) diluted to a 6-per 
cent solution, and 8000 gallons of water are used to 
regenerate this unit. The steel shells of these units are 
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TABLE 1—ANALYTICAL DATA, PPM. 





















































Jan Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov Dec 
eo € abe abe abe abe abe abe abe @obe abe ede a oe 
SiO: a 10 12 8 6 8 8 8 7 7 6 11 9 
b 10 12 + 6 8 8 8 7 7 6 11 9 
c 8 10 7 5 7 6 7 6 6 5 9 7 
R:O: a 3 4 3 2 3 3 5 2 5 4 3 5 
b 2 2 2 1 2 2 3 1 2 2 2 3 
c 1 1 1 1 1 1 1 1 1 1 1 2 
Ca a 82 83 66 55 53 45 48 52 68 69 74 74 
b i+ 2- 1+ 1+ - 1+ 2- 1+ 1* 1+ 2- 2- 
¢ 1+ 2- 1+ ‘- - 1+ 2- 1- 1+ 1- 2- 2- 
Mg a 27 26 18 15 15 11 11 10 13 20 24 24 
b :- :- ~ :- 1- ‘- * - 1- 1- he 
c :* :- - :- :- 1- i- 1- 1- ‘- 1- 
Naz a 83 73 47 50 63 55 62 69 76 75 75 78 
b = -:148 132 89 89 108 93 95 100 114 117 128 124 
c 121 110 75 78 92 79 84 87 96 97 107 104 
HCO; a 245 265 195 171 185 140 135 144 185 227 229 237 
22 22 13 12 12 22 23 21 2 20 20 22 
c 17 17 10 10 10 17 19 16 17 16 15 17 
SOQ. a _ 269 241 161 162 197 166 174 188 209 215 234 225 
b 269 241 161 162 197 166 174 188 209 215 234 225 
¢ 230 200 137 141 168 141 153 164 177 178 195 190 
Cl a 13 16 11 8 10 9 8 8 13 14 15 15 
b 13 16 11 8 10 8 8 13 14 15 15 
c 11 13 9 7 10 8 7 7 11 11 12 13 
T.D.S.ta 614 590 415 383 447 370 388 411 489 518 5 550 
b 450 420 286 280 341 292 304 318 360 367 4 3 
C 384 348 244 245 286 250 267 277 304 304 346 328 
“Free” a 10 9 5 5 6 5 5 5 6 6 8 8 
CO: b 7 7 5 4 4 4 3 5 5 6 6 
c 0 0 0 0 0 0 0 0 0 0 0 0 
pH a 7.7 7.7 7.8 7.8 7.8 7.9 7.9 7.9 7.8 7.8 7.8 7.7 
b | 6.8 6.8 6.9 7.0 7.0 7.0 7.0 7.0 6.9 6.9 6.8 6.8 
c 8.2 8.1 8.2 8.2 8.2 8.2 8.3 8.2 8.2 8.2 8.2 8.2 
a. Raw water. 
b. Treated water. 
c. Feedwater. 
Hardness (as CaCOs) = (Ca X 2.5) + (Mg X 4.12). 
Cations (as CaCOs) = (Ca X 2.5) + (Mg X 4.12) + (Na X 2.18).or T.M.A. plus alkalinity 
T.M.A. * (as CaCOs) = (SOx X 1.04) + (Cl X 1.41). 
Alkalinity (as CaCOs) = (HCOs X .82). 
* Theoretical Mineral Acidity. 
t Total Dissolved Solids. 
lined with a bitumastic coating, but the steel piping from Hydrogen (Acid) Cycle 
the units to the degasifier is not lined. — on si oe — 
The effluent, or discharge, from the hydrogen units + No ' —— , Nag a 
contains hydrogen ions in proportion to the amount of Ca Ca 
calcium, magnesium and sodium ions in the raw water. 22K + a . -- eit a ZK + 2 HCl 
° ° ° ge ° a a 
This exchange forms a mineral acidity in an amount ie my 
equivalent to the calcium, magnesium and sodium H:ZK + Mg } (HCO;) —_——» Mg $ZK + 2H,CO; 
sulphates and/or chlorides that are present, and a bi- Nay Naz 


carbonic acidity in an amount equivalent to the calcium, 
magnesium and sodium bi-carbonates that are present. 
The sum of these acid compounds (in terms of CaCOs) 
forms the cation equivalent as noted in Table 1. 

The effluent, or discharge, from the sodium units 
contains sodium ions in proportion to the amount of 
calcium and magnesium ions contained in the raw water. 
An equivalent amount of corresponding sodium com- 
pounds is formed, the softened water containing an 
amount of alkalinity (as CaCOs;) equivalent to the raw 
water content. The sum of the calcium and magnesium 
compounds (as CaCQOs;) forms the hardness equivalent; 
(see Table 1.) 


The reactions that take place are as follows: 


ZEO-KARB REACTIONS 
Sodium (Alkaline) Cycle 





Active Raw Exhausted Treated 
Mineral Water Mineral Water 
Na,ZK + Me SO, —> . \ZK + NaS. 
Na,ZK + Me a ar ZK +2 NaCl 

Ca 


Na:ZK + Mg (HCO;) —> Vi, }2K + 2 NaHCO, 
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Neutralization Reactions 


Alkaline Effluent 


Na2SO, = No reaction 
NaCl = Noreaction 


Acid Effluent 
H2SO, 
Hcl 
oN + 


—yaHco,— Reaction 


H.CO; 

ao} + 2 NaHCO; = eect} + H2CO; 
HCl 2 NaCl{ + H:CO; 
H:CO; + Deaeration = HO + CO,7 


The discharge from each hydrogen and sodium unit 
flows to a control box having an adjustable orifice which 
may be used to control the rate of flow through these 
units. Water from these flow-control boxes flows by 
gravity to an aerator, or degasifier, designed for a 1000- 
gpm flow. The acid and alkaline waters mix in the de- 
gasifier, the alkalinity from the sodium units neutralizing 
the acidity from the hydrogen units forming sodium com- 
pounds and bi-carbonic acid (H2COs). A blower, having 
a capacity of 6000 cu ft per min, discharges a counter 
current of air through the degasifier, thereby breaking 
up the HeCO; into H,O and CO:. The COs is vented to 
the atmosphere with the current of air and the mixed 
water flows by gravity from the degasifier to a concrete, 
bitumastic-lined, storage basin; (see Fig. 1). 
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Rate of flow through each unit may be controlled by 
automatic flow control or by manual regulation so that 
any desired excess of sodium or alkaline water can be 
maintained. In this manner any predetermined amount 
of alkalinity in the mixed effluent may be obtained. 

The effluent from the hydrogen units shows an aver- 
age variation of about 2 per cent in acidity during 90 
to 95 per cent of the run. Exhaustion of the unit is 
indicated when the acidity drops 10 to 15 per cent below 
the average acidity that was maintained during 90 per 
cent of the run. This drop in acidity is well defined and 
occurs in a 15- to 20-min period. The actual acidity 
(free mineral acidity—-F.M.A.) in the effluent varies 


sorption, and unless a high velocity (6 to 7 gallons per 
sq ft per min) and an even distribution of flow during the 
backwash period is maintained, this mineral will decrease 
in exchange or softening capacity. The initial backwash 
rate on the sodium units was 4.5 gallons per sq ft per min 
with a 34-in. rising space. At this date the backwash 
rate is 6.7 gallons per sq ft per min with a 50-in. rising 
space, and this rate of backwash seems sufficient to 
maintain the rated exchange capacity of the mineral. 
Measurements indicate a loss of only one per cent of 
mineral after 2'/, yr of operation. Due to the prac- 
tically silica-free nature of this mineral, no silica is added 
to the treated water. 




























































































































































































































































































Aco £rrivan 
pa f 
°) 
No! \4,Z J No.2 \H, Z 
Untr nar L15 
a a Orqcrun DEAEREATING 
] 8 C - (Tray Tree) HEATER 
} x 
Come. Acio On aa 
_ 
Sroases Tamm o fz Zz FELQWATER 
[some | T] sume of | | 
~ ‘ L ~ 
1 > 
' Wasre ' a 
Corr Warer Asal EFFLUENT 
t TReareD Warer 
7 ° Srorace Tanx 
AiR On. 
" Cooser'| "i Coos 
—_ No/ Wa,Z No.2 Wa,Z 
YU 
Vien } wir t } Unar 
4 f D mn f R 
— 5 Auxuurr WaréR 
7 M  «SToRsae 
ft 
Wer | Sar | —_— 
° 4 °) q 
Srorace | BASINS : 2 
Ss 
| um P rg l | Sump Y 4 | 
Wasr« 
Fig. l1—Arrangement of Zeo-Karb Softeners at South 
Omaha Station 








from 88 to 92 per cent of the raw water acidity (theo- 
retical mineral acidity—-T.M.A.). The constancy of the 
acidity from the hydrogen units and the alkalinity from 
the sodium units is of such order that an M.O. alkalinity 
(as CaCOs) of 14 to 16 ppm in the mixed effluent has 
been readily obtained. The degasifier has also shown 
good performance, in that the residual “‘free’’ CO, in 
the mixed effluent leaving the degasifier rarely exceeds 
8 ppm, the average being about 4 ppm. A summary of 
the operating results of the system is tabulated in Table 


General Statements 


The Zeo-Karb mineral as used in the sodium units 
has the property of removing approximately 60 per cent 
of the aluminum (Al,0;) from the raw water. This prop- 
erty is probably a combination of filtration and ab- 
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In this station (see flow diagram, Fig. 2) there is con- 
siderable pick-up of heat (averaging 10 million Btu per 
hr) by the cold treated water before it enters the deae- 
rating heater. This heat is picked up in the generator air 
cooler, lubricating-oil coolers, heat exchangers and vent 
condenser of the deaerating heater, the treated water at- 
taining a temperature of 130 to 140 F before entering the 
heater. This pick-up of heat results in some increase in 
overall efficiency of the station. In comparing the cold 
Zeo-Karb treatment with the hot lime-soda treatment, 
this advantage of the cold treatment influenced the 
decision to install the Zeo-Karb process. In our case it 
would have been impractical to pick up the heat with the 
cold untreated water because the hardness would de- 
posit scale in the air and oil coolers, heat exchangers, vent 
condenser and the connecting piping. 
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The mixed effluent from the Zeo-Karb system is 
saturated with oxygen, contains 2 to 6 ppm of free CO, 
and has a low alkalinity (14 to 18 ppm), so that the pH 
value is approximately 6.9. Due to these factors, this 
water, before deaeration, is corrosive to standard steel 
piping, the degree of corrosion being a function of tem- 
perature, turbulence of flow and film stability of the 


corrosion products. However, after deaeration this 
water is not corrosive to ferrous materials. 

As a consequence of the natural corrosive tendencies 
of the warm treated water before deaeration, we have 
suffered from corrosion in the treated water lines. The 
corrosion is of the pitting type which is caused primarily 
by the dissolved oxygen. The section of piping entering 
the deaerating heater has been replaced with 18-8 alloy 


corrosion is noted on the brass tube sheets in air and oil 
coolers, blowdown heat exchangers and vent condenser. 
However, the tubes in the foregoing equipment do show 
a mild attack in the form of pitting to a penetration not 
in excess of 10 per cent. The tube sheets are of muntz 
metal and the tubes are admiralty metal with the ex- 
ception of the vent condenser, these tubes being alcunic 
material. ’ 

The deaerating feedwater heater is a 500,000-lb per 
hr Elliott tray type, with a 150,000-lb storage section. 
The heater operates at a pressure of 23 lb gage, and the 
feedwater leaves the storage section at 263 F with a 
dissolved oxygen content of less than 0.01 ppm and a 
pH of 8.1 to 8.3. Deaerated water shows a reduction of 
total CO, of approximately 45 per cent. 
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Fig. 2—Flow Diagram at South Omaha Station 
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material. Replacements of all piping up to 2 in. di- 
ameter have been made with tin-lined copper tubing, 
using the Mueller brass “‘stream lined’’ fittings. While 
the rate of corrosion on this small piping was not greater 
than that of the larger piping of 4 and 6 in., the products 
of corrosion materially reduced the internal area and 
consequently the rates of flow through the piping. The 
larger piping will be replaced, when necessary, with alloy 
piping or with steel piping coated with suitable protec- 
tive material. 

All standard cast-iron material (shells and heads of 
coolers and heat exchangers) and cast-iron valves ex- 
hibit graphitic corrosion of from 15 to 25 per cent pene- 
tration. After about two years of service this graphitic 
corrosion has materially decreased, probably due to the 
protective coating of oxides. No evidence of aggressive 
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The top row of standard cast-iron trays in the heating 
section exhibited graphitic corrosion to a depth of 25 to 
40 per cent. These trays have been replaced with Ni- 
resist material. The bottom row of trays in the heating 
section and all of the trays in the deaerating section 
indicate a practical satisfactory resistance. The Armco- 
iron shell that comprises the deaerating head shows 
good resistance. The storage section of this heater 
is constructed of copper-bearing steel and shows no 
evidence of significant corrosion. Only a slight surface 
corrosion has been noted in the feedwater piping. 


Supplementary Treatment 


Tri-sodium phosphate, caustic soda and tannin are 
continuously fed directly to the boiler water drum in 
an amount sufficient to maintain an excess of 30 ppm 
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Jan. Feb. Mar. 
Total water treated 1000 Ib 
Water through sodium units 
Water used for regeneration 


% of total 58.3 55.2 54.2 
% of total 14.5 14.5 10.9 


Number of regenerations Number 118 113 88 
Total salt used (98% NaCl) Lb 87,600 83,800 66,200 
Raw Water hardness (as CaCOs) Ppm 315 315 240 
Salt used/1000 gr hardness Lb 0.45 0.50 0.48 
Hardness removed/cu ft mineral Gr 6200 5600 5800 
Total acid used (93.2% H:SO,) Lb 61,900 59,300 46,800 
Raw water cations (as CaCOs) Ppm 496 487 345 
Acid used/1000 gr cation Lb 0.28 0.28 0.28 
Cations removed/cu ft mineral Gr 7500 7500 7600 
Treatment cost per 1000 Ib ¢ 0.76 0.78 0.56 
Residual hardness (as CaCOs) Ppm 5 6 5 


of PO, ion and a pH of 10.7 to 10.8. A concentration of 
1900 to 2100 ppm of solids is maintained in the boiler 
water. 


A continuous sample of the boiler water flows 
through a Parker sample cooling coil and conductivity 
determinations, in terms of total soluble solids, are made 
at half-hour intervals. Conductivity of the boiler water 
sample is determined with a Leeds & Northrup portable 
conductivity bridge using a 493l-a cell. Operators ad- 
just the rate of flow of continuous blowdown accordingly. 
The amount of blowdown normally ranges from 12 to 19 
per cent. 


Summary 


The Zeo-Karb method of water softening yields an 
effluent with a residual hardness not in excess of 5 to 
6 ppm, a controlled amount of residual alkalinity, and 
an appreciable reduction in dissolved solids, the reduction 
in dissolved solids depending on the composition of the 
raw water. These factors are most advantageous where 
there is a high percentage demand for treated makeup, 
especially for steam generation at pressures in excess of 
400 lb per sq in., and with modern all-waterwall-furnace 
type of boilers. 


The cost of chemical reagents, operation, maintenance 
and capital investments are equally comparable with 
other proved methods of water-treating equipment. The 
cold treatment permits picking up considerable heat 
and thereby results in increased overall station effi- 
ciency. 

However, before deaeration, the effluent from the 
Zeo-Karb hydrogen-sodium combination of water-treat- 
ing unit exhibits a corrosive effect on unprotected steel 
and cast iron, especially after picking up this heat. 
Therefore, noncorrodible piping is indicated for this 
service. 

The use of sulphuric acid calls for careful consideration 
with regard to storage and distribution of the concen- 
trated sulphuric acid. Consideration should also be given 
to selection and design of equipment for diluting and 
distributing the acid for regeneration of the hydrogen 
units and also for the disposal of the partially spent 
acid from the regenerating process. 

Our experience tends to indicate that this hydrogen- 
sodium water-treating system has a wide field of appli- 
cation. This is especially true where the raw water has 
a wide variation in hardness and alkalinity character- 
istics, and where high percentages of makeup are re- 
quired. 
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TABLE 2—OPERATING DATA WITH ZEO-KARB SYSTEM 





Apr. May June July Aug. Sept. Oct. Nov. Dec.6 
150,175 136,675 150,800 105,275 131,530 122,390 124,500 130,720 125,810 139,320 150,280 163,550 


58.9 62.2 65.3 68.6 68.6 63.8 59.3 61.3 59.2 
10.1 9.2 7.0 7.1 7.5 10.1 11.0 12.8 12.3 
53 73 51 52 56 67 84 102 109 


43,900 57,300 40,300 41,900 47,500 56,400 70,900 86,500 93,500 


190 195 156 162 169 223 255 282 282 
0.53 0.51 0.46 0.43 0.45 0.45 0.48 0.48 0.49 
6300 5900 6500 7100 6800 6800 6400 6500 6400 


26,000 37,000 26,000 25,700 27,800 32,900 41,400 49,900 53,700 


313 370 290 296 327 393 421 455 424 
0.27 0.30 0.30 0.32 0.29 0.26 0.25 0.27 0.27 
7700 7100 7000 6400 6900 7300 7700 7200 7100 


0.48 0.52 0.39 0.39 0.41 0.51 0.58 0.66 0.65 
5 6 4 6 5 6 5 5 





Producer Penalized Under Bituminous 


Coal Act 


The first revocation of a coal producer’s Code mem- 
bership, under the present law, became effective on Feb- 
ruary 4 in an order signed by Director Gray of the 
Government’s Bituminous Coal Division. The pro- 
ducer, the Dunreath Coal Company of Knoxville, Ia., 
was charged with having sold coal at the mine for $1.38 
per ton less than the official minimum price. It is al- 
leged that 509 tons were sold to a dealer for delivery to 
a large middle western power plant, but that the pro- 
ducer paid $1 per ton to have the coal delivered to the 
power plant and further allowed a credit or discount of 
38 cents per ton. Thus he actually received only $1.42 
per ton at the mine instead of the full Code price of $2.80, 
and the power company paid only $2.42 instead of $3.80, 
which represents the proper minimum mine price plus 
transportation costs. 

Under the law, the revocation of Code membership 
subjects the producer to a 19'/2 per cent tax on all coal 
sold hereafter unless the company seeks reinstatement. 
This it has since done at a cost of $556.45 which repre- 
sents double the 19'/2 per cent tax on the coal involved 
in the transaction. 


Scholarships in Engineering 


Dean S. C. Hollister of the College of Engineering, 
Cornell University, announces that a quest is under way 
for fifty of the best qualified secondary school seniors to 
be trained as engineers under the John McMullen Re- 
gional Scholarships award which carry variable stipends 
up to $400 per year throughout a four- or five-year 
course in the College of Engineering. Scholarships will 
be awarded in fifteen districts, including all of the United 
States, except New York State, in which other scholar- 
ships are available. 

In addition to these, there will be available four Mc- 
Mullen industrial scholarships to be awarded to young 
men who are high-school graduates, qualified to meet 
the regular entrance requirements, and who must have 
served some time as workers in industry, preferably in a 
regular training course, and who are especially recom- 
mended by their employers. It is contemplated that 
these young men, upon completion of their engineering 
course, will return to the same organizations by which 
they were previously employed. 

All applications must be received by the University by 
April first. 
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Close-up of Vulcan 
Operating Head and, 
at far right, cross- 
section of Vulcan 
Units operating in 
first pass at 1900° F. 


Vulcan heat- resisting 
HyVULoy elements and 
nozzles developed es- 
pecially for higher tem- 
peratures .... -« 

















T Philadelphia Electric’s new 
superposed Schuylkill plant, the 
boilers are designed to generate 
600,000 Ibs. of steam at 1350 lbs. pres- 
sure and at 910° F. steam temperature. 
The VULCAN Soot Blowers installed 
in this modern plant have been giving 
perfect service for nearly two years, 
although exposed to temperatures up 
to 1900° F. 
This performance is remarkable but 
not exceptional for VULCAN, because 
VULCAN design and construction have 
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General installa- 
tion view of Vul- 
can Soot Blowers. 


taken into consideration high tempera- 
ture service and have provided for it. 

VULCAN elements, nozzles and bear- 
ings are of special heat-resisting 
alloys, the elements and nozzles of 
HyVULoy and the bearings of a spe- 
cial high chrome alloy steel, and so 
designed as to pass the heat on to 
the boiler tubes. 

Repeated demonstration of VULCAN'S 
high efficiency under severe service, 
such as in the Schuylkill station, ac- 
counts for the increasing popularity of 
VULCAN Soot Blowers with engineers 
and operators. 


VULCAN SOOT BLOWER CORPORATION - DU BOIS, PENNA. 
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Physical Aspects of 
Steam Generation 


at High Pressures 


In a paper before the Institution of Me- 
chanical Engineers, presented at London 
on December 13, 1940, R. F. Davis* analyzed 
the problem of circulation and steam con- 
tamination with particular reference to 
steam generation at high pressures. The 
author approached the problem through a 
study of the formation and behavior of 
steam bubbles and the influence of differ- 
ent salts in the boiler water on carryover. 
Mathematical analysis and many curves 
were included in this lengthy paper, from 
which the following excerpts have been 


taken. 


may take place either by nuclear boiling or by 

film boiling. In nuclear boiling the water evapo- 
rates into steam bubble spaces and the water is therefore 
superheated because the surface tension at the bubble 
interface raises the internal pressure. Theoretically, 
nuclear boiling cannot originate at an absolutely plane 
surface, where the initial diameter of the bubble would 
be infinitely small and the superheating of the water in- 
finitely high; but in a boiler the metallic surface in con- 
tact with the water has free-binding forces and surface 
irregularities may become points of nuclear generation 
of steam. 

In nuclear boiling it is the slight superheating of the 
water which provides the impulse for heat transfer from 
the water to the steam, the amount of this superheating 
varying with the pressure. The heat transfer takes 
place in two stages, first, from the heating surface to the 
boiling liquid and, second, from the liquid to the surface 
of the bubbles, from which the liquid evaporates into 
the bubble. The temperature difference between the 
heating surface and the water as a whole is affected to a 
certain extent by the convection or stirring action of the 
rising bubbles and, therefore, by the number of nuclei 
per unit area of heating surface and by the frequency 
with which the bubbles form at a given nucleus. 

Once a state of nuclear boiling has been attained at a 
given place, the steady application of heat at that place 
results in a uniform rate of bubble formation there, but 
an increase in the rate of heating gives rise to fresh nuclei 
because the higher superheating of the water allows 
bubbles to originate at places of smaller curvature. 


FE atte la from a submerged heated surface 





* Technical Engineer, International Combustion, Ltd. 
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However, a state may eventually be attained in which 
the bubbles become so numerous and so closely packed 
that they coalesce and form a continuous film of vapor 
between the heating surface and the liquid. Then 
evaporation takes place by film boiling and the vapor 
leaves the film in large irregular-shaped bubbles. 


Film Boiling May Produce Steam Blanketing 


Relatively small amounts of certain substances in 
solution or in suspension may affect the manner of boil- 
ing, but normally evaporation in a water-tube boiler 
takes place by nuclear action, since film boiling would 
involve such high metal temperatures that the tubes 
would likely fail. Partridge and Hall' have disclosed a 
phenomenon analogous to film boiling in their paper 
discussing ‘‘steam blanketing”’ in high-pressure boilers 
having tubes insufficiently inclined to the horizontal. 

It is evident that with nuclear boiling the heating sur- 
face is not likely to exceed the temperature of the bulk 
of the water by more than 40 F under atmospheric con- 
ditions, and the superheating of the water layer in con- 
tact with the heating surface must be less than that; at 
high pressures it will be still less. 

For a heating surface facing upward, the size of the 
bubbles released does not change appreciably with 
angles of inclination but when the surface faces down- 
ward, the more nearly horizontal the surface, the larger 
the bubbles become before they are released and they 
tend to flatten out, causing, in the extreme case, steam 
blanketing. 

In the tubes of a water-tube boiler the bubbles are 
subjected, in addition to their buoyancy, to a transverse 
shearing force imparted by the flow of water along the 
tube. Bubbles are thus torn off the heating surface 
more quickly and are therefore smaller in size than if 
detached by the action of buoyancy alone. Therefore, 
at release from the heating surface some bubbles will be 
larger and some smaller than indicated in Fig. 1, depend- 
ing upon the velocity of circulation in each tube and the 
slope and aspect of each individual portion of the heat- 
ing surface. 

Immediately a bubble is released, it will commence to 
rise at an increasing speed, because of its buoyance; and 
the downward pull of the surface tension, which pre- 
viously anchored it to the heating surface, will be re- 
placed by a pressure on the upper surface. In this case 
the bubble will tend to flatten, (Fig. 2), but if the liquid 





1 “Attack on Steel in High-Capacity Boilers as a Result of Overheating 


Due to Steam Blanketing,’’ Trans., A.S.M.E., 61, p. 597. 
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is sufficiently deep, the bubble will gradually attain its 
terminal velocity and again approximate a spherical shape. 


Action of Dissolved Salts on Bubbles 


Edser* explains the stabilizing action of dissolved 
salts on bubbles in terms of molecular attraction. In 
a pure liquid, when two bubbles approach one another 
the liquid will tend to be sucked out from between them 
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Fig. l1—Mean diameter of steam bubbles leaving a 
horizontal heating surface 


and they coalesce. When, however, there is a definite 
increase or decrease in surface tension with change in 
concentration (positive or negative adsorption), the con- 
centration in the space between the bubbles will differ 
from that of the bulk of the liquid, with the result that 
osmotic pressure becomes unbalanced and this unbal- 
anced force will terid to stop the motion of the bubbles. 

Foulk* has put forward a somewhat similar theory 
and pointed out that the bringing together of positively 
and negatively absorbed substances in solution in the 
correct proportions destroys the foam-forming properties 
of both. 

The expansion of a bubble because of reduction in 
pressure can be assumed to take place isothermally, ac- 
cording to Boyle’s Law, namely, ve = (p:/p2) 1. At 





2 “Molecular Attraction and the Physical Properties of Liquids,’’ Fourth 
Report on Colloidal Chemistry and Its General and Industrial Applications, 
Academic Paper No. 4. 

3’ “Foaming and Priming of Boiler Water,’’ Ohio State University Experi- 
ment Station News, Vol. 9, No. 5 and 6 (1937). 








atmospheric pressure the increase in volume is about 30 
per cent for each 10 ft difference in level below the free 
water surface, but in a boiler operating at 400 lb pres- 
sure the increase in volume is less than 1 per cent for 
the same change in level. Therefore, it is apparent that 
in a high-pressure boiler the size of the steam bubbles 
will not change appreciably with changes in level, even 
though they originate 30 or 40 ft below the water level in 
the drum. 

Bubbles arrive at the free water level in a boiler partly 
by the action of convection currents set up by the cir- 
culation and partly by the velocity imparted by their 
own buoyancy. Each bubble as it arrives just below 
the water level pushes up the surface into a hummock, 
which instantly drains away on all sides to form a nearly 
complete hemispherical, dome-shaped lamina of liquid. 
Some authorities have attributed the carryover of water 
drops in the boiler steam to the bursting of these steam 
bubble domes, but failure of the liquid film does not take 
place in this manner, as failure does not take place by 
rupture into fragments, but by a progressive opening out 
of the initial perforation. (See experiments by Edger- 
ton, Germeshausen and Grier.) Even in pure water 
the bubbles do not push straight up through the surface 
and burst immediately, but remain floating on the sur- 
face for a fraction of a second. If salts or other stabiliz- 
ing agents are present, the bubbles may continue to 
float at the surface for longer periods before they burst. 

Steam bubbles in which the liquid film is stabilized 
either by particles of solid matter, or matter in the col- 
loidal state, may remain at the free water level long 
enough for other bubbles to arrive and collect around 
them without immediately collapsing or coalescing, and 
thus form a layer of relatively stable foam. 


Cause of Priming 


A frequent cause of priming is high water level, char- 
acterized by the entrainment of slugs of water with the 
steam. This may be due to a variety of causes, but is 
usually associated with sudden changes in steam de- 
mand. A sudden increase in steam demand may result 
in the phenomenon known as “swelling.” If the steam 
demand momentarily exceeds the corresponding rate of 
heat absorption, the boiler pressure drops, and the water 
becomes superheated with respect to the vapor in the 
migrating steam bubbles. The rate of growth of the 
steam bubbles will be increased and the resulting in- 
crease in volume of the circulating mixture will tempo- 
rarily raise the water level. 





4 “High-Speed Photography,’’ Photographic Journal, April 1936. 
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Fig. 2—Bubble formation at a heated surface 
(from high-speed motion pictures by Jakob) 
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A temporary or oscillating high water level may be 
caused by local reversal of circulation, which sometimes 
takes place when starting up or when feed is curtailed. 
If the rate of flow of water in heated downtake tubes is 
very nearly the same as the terminal velocity of the 
steam bubbles tending to rise, then the steam bubbles 
will be almost stationary relative to the tube. In time 
so much steam will collect in the tube that the effective 
static head of the mixture may become less than that in 
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VELOCITY OF RISING STEAM—FT. PER SEC, 


Fig. 3—Probable height of projection of water drops above 
water level 


the risers, in which event reversal of flow will take place. 
Again, if the water in a heated downtake tube is pre- 
vented from being evaporated due to entry of cold feed 
absorbing the sensible heat, curtailment of the feed may 
result in the evolution of steam in the tube, with reduc- 
tion of the static head. If appreciable, this may again 
cause reversal of circulation. There is much to be said 
in favor of unheated downtake tubes, especially with 
high pressures. 


Carryover 


Solids, in precipitating out from the boiler water, 
must pass through a stage where the size of the particles 
is within the colloidal region, which stabilizes the bubble 
films; but unless the boiler water contains a peptizing 
agent, the particles will continue to grow in size and may 
even coalesce or flocculate into a true precipitate. In 
this case the colloidal stage will be transient and will 
have very little influence upon the steaming properties 
of the water. Unfortunately boiler water always con- 
tains a large amount of caustic alkali (NaOH) which is 
an effective peptizing agent. The proportion of sodium 
hydroxide to total solids has been found to be an im- 
portant factor in foaming. Tray® gives a curve, 
showing the effect of this ratio, and states that “A study 
of test results shows that the total dissolved solids exert 
less influence on carryover than does alkalinity.” 

Caustic alkali also decomposes organic materials, such 
as oil, sewage and humic matter into colloidal decom- 
position products. Boiler water thus contaminated is 
very liable to foam. 

Methods adopted to prevent foaming must depend on 
the specific cause, but, in general, it is advisable to re- 
duce the concentration of dissolved solids and not allow 





the alkalinity to exceed 15 per cent of the total dissolved 
solids then remaining. If a continuous blowdown is 
employed it should be fitted to the drum in which maxi- 
mum effective concentration occurs; for instance, in a 
three-drum boiler this would be the upper front drum. 

The presence in the boiler water of substances having 
coagulating properties, such as aluminum hydrate and 
tannins, has been observed to reduce foaming. Sodium 
aluminate has also been used successfully as a coagulant. 

As previously mentioned, small steam bubbles, dis- 
rupting at the water level, project minute drops of water 
into the steam space. The height to which these drops 
rise depends not only upon their velocity of projection 
but also on the resistance of the rising vapor and its 
velocity. The influence of these factors on the height 
of projection is expressed by the equation, 


2 — 2 2 
n= fom {1452} — me (-9)] + 


cq [tan-! / p—c 1+) 
Ai 66 ( q ) + tog (CF 


where H is the maximum height in centimeters, attained 
by the drop above the liquid level, g is the terminal 
velocity of the drop in centimeters per second, c is the 
velocity of the vapor rising from the liquid in centimeters 
per second, and # is the velocity of projection of the drop 
from the liquid, also in centimeters per second. 

The curves in Fig. 3 have been prepared to show the 
effect of the velocity of the released steam on the height 











15-7 FT. PER SEC. AT ATMOSPHERIC PRESSURE 
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Fig. 4—Estimated carryover velocity of steam and recom- 
mended permissible steam release rate 


of projection of the water drops at three different pres- 
sures. 

At low pressures an increase in the rate of steam re- 
lease has an appreciable effect upon the height to which 
the drops rise. Vorkauf® concluded from his experi- 
ments, carried out at comparatively low pressures, that 
both the height of the steam space and the area for steam 
release were effective in controlling the wetness of the 
steam, and deduced therefrom that the steam space was 
the important factor. Actually, the area of release and 
the height are two separate factors, and the latter be- 
comes of greater importance as the steam pressure in- 
creases. 





5 “Boiler Operation as It Affects Prime Movers,’ Mechanical Engineering, 
60, p. 475. 
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6 VDI Forschungsheft, No. 341 (1931). 





The relation between the probable carryover velocity 
of the steam and the operating pressure is shown in 
Fig. 4. 

The most objectionable feature of carryover is the 
deposition of the dissolved salts from the boiler water 
when the drops carried over with the steam eventually 
evaporate and form deposits in the superheater or on the 
turbine blades. A comparatively small amount of 
carryover can cause appreciable trouble at the turbine; 
for with boiler water containing only a few hundred 
parts per million of solids, several pounds of deposit 
may form during a day’s run, even if there is only 0.5 
per cent moisture in the steam. 

The chemical which causes the main difficulty is sodium 
hydroxide, the concentrationof which varies with the tem- 
perature and the steam pressure. According to Straub, 
sodium hydroxide solution at the steam temperatures and 
pressures used in modern plants may contain from 10to20 
per cent moisture, resulting in a semi-fluid sticky solution 
which will adhere to metal surfaces. This will be ac- 
companied by some of the salt residues having high 
fusion temperature. 

It is the adhesive property of the sodium hydroxide 
which previously led to the belief in the so-called selective 
carryover of solids, because the composition of the de- 
posits bears no apparent relation to the ratios in which 
the materials occur in the boiler water. The proportion 
of sodium hydroxide is usually excessive. 


Location of Steam Inlets and Outlets 


The position of the steam inlets to the drum has been 
shown to exert marked influence on steam quality. Vor- 
kauf found that reduction in the wetness occurred if the 
steam inlets of riser tubes discharged above the water 
level. However, only those tubes which are expected 
to discharge a mixture containing a very large propor- 
tion of steam should have their outlets above the water 
level. The steam outlet should be located as high as 
possible above the water level and above the least dis- 
turbed portion of the water surface; further it should be 
protected against the direct ingress of projected water 
drops or spray. The carryover of small drops can be 
diminished by allowing them maximum opportunity to 
separate out, by gravity, by centrifugal force, and by 
impingement on baffle plates. The drying process 
should be progressive. 

Application of these principles can be as diverse as 
the various types of boilers. At high pressures the 
centrifugal method of separation becomes increasingly 
less effective, because the water drops are smaller and 
the difference in densities of the steam and water is less. 
While other methods of separation, such as electric glow 
discharge and ultrasonics, have been suggested, the 
washing of steam by the incoming feedwater has been 
adopted extensively in America, although its applica- 
tion has been rather limited in England. 


Conclusions 


Theoretically, the physical properties of the boiler 
water may profoundly affect its steaming qualities, and 
changes in these qualities must be expected at higher 
operating pressures. Normally, evaporation at the 
heating surface takes place by nuclear boiling, and with 
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increase in the operating pressure the size of the bubbles 
generated becomes smaller. During migration from the 
heating surface to the free water level, the bubbles grow 
considerably in size at low pressures, but only slightly at 
high pressures. 

Due to these causes the average size of the steam 
bubbles reaching the free water level at low pressures is 
much greater than those arriving under the conditions 
of high operating pressures, unless the bubbles formed 
at higher pressures coalesce into larger units. The size 
of the bubbles reaching the surface will not be uniform, 
however, owing to differences in the qualities and slopes 
of the generating surfaces, rates of circulation in the 
boiler tubes, and periods of growth during migration. 
Nevertheless, a predominance of large bubbles reduces 
the probability of water drops being ejected into the 
steam space; it is the small bubbles which are more 
likely to contribute to the carryover of moisture in the 
steam. 

The more dissolved solids there are in the water, the 
less is the tendency for the steam bubbles to coalesce; 
but if the concentration of dissolved solids is kept low, 
the small bubbles more readily coalesce and form larger 
units. These large bubble units are not so likely to 
project water drops into the steam space upon disrup- 
tion at the water level; they also induce a faster rate of 
circulation. It is now clear why, in order to preserve 
a reasonable purity of steam, a concentration of solids 
in the boiler water, which may prove satisfactory at low 
pressures, cannot be tolerated at high pressures, because 
it stabilizes the undesirable small bubbles which are 
formed at high pressures. 

Although the dissolved solids in boiler water do not 
appreciably affect the surface tension, they do influence 
the stabilization of the bubbles by adsorption at the 
steam and water bubble interfaces. Persistent foam 
does not result, however, from this partial stabilization 
by the dissolved salts, but is due to the presence of sus- 
pended matter, principally suspended matter in the 
colloidal state. It is to minimize the stabilization of 
foam by colloids that the proportion of caustic alkalinity 
must be kept low and organic matter practically ex- 
cluded from boiler water. To what extent foaming is 
directly influenced by increase in the saturation pressure 
is uncertain. 

Clearly, in designing a high-pressure boiler, much 
may be accomplished toward ensuring purity of the 
steam by careful design of the internal baffles and fit- 
tings. When the boiler goes into operation an additional 
factor must be considered; the steaming properties of 
the boiler water depend almost entirely on the nature of 
the feedwater and the careful control of its chemical 
treatment, not only in relation to the purely chemical 
changes brought about, but—equally important—to the 
physical and chemico-physical changes. Existing chemi- 
cal treatments to protect a boiler against scale, corrosion 
and embrittlement are not as a rule designed to prevent 
steam contamination—they may even be the cause of it. 
Looking to the future, chemical treatment should be 
aimed at, which while still adequately protecting the 
boiler metal also ensures purity of the steam. This will 
only be achieved by giving due consideration to the 
chemico-physical reactions of the chemical treatment of 
the boiler water upon the physical processes of steam 
generation. 


February 1941—COMBUSTION 





















Recovery of SO, 


from Stack Gases 


NTEREST in the problem 

of sulphur elimination has 

grown steadily, particu- 
larly in England, where 
legal restrictions in certain 
localities require the treat- 
ment of stack gases to re- 
move the SO: Consider- 
able publicity has been 
given to two _ processes 
which have been developed 
there for treating combus- 


The University of Illinois Engineering 
Experiment Station, in cooperation with 
the Utilities Research Commission, has 
long been engaged in an investigation of 
methods for the removal of SO, from flue 
gases. The fundamental viewpoint of the 
work, as conducted by H. F. Johnstone 
and A. D. Singh, has been that elimination 
of SO, from the combustion gases of high- 
sulphur coal requires recovery of the sul- 
phur in some form which has commercial 


grid packing is used which 
reduces the bulk of the 
scrubber to moderate size. 
While the process is said to 
be “non-effluent” it is ob- 
vious that a considerable 
quantity of worthless prod- 
uct must be disposed of. 
In inland stations this be- 
comes a serious problem. 
The stated cost of the 
process is 58 cents per ton 


tion gases from low-sulphur value. In the proposed process the SO, is of 1.5 per cent sulphur coal, 
coals. The details of these absorbed by an aqueous solution of sodium of which 21 cents is for the 
have been published in a sulphite and bisulphite, and zinc oxide is lime For 4 per cent sul- 


series of excellent papers, 
hence only a brief descrip- 
tion is required for the 
sake of comparison with 
the system here described. 

At the Battersea power station in London, elaborate 
equipment is installed for washing the gases with water 
from the Thames River. The time of contact in the 
scrubber ranges from 23 to 44 sec. and approximately 25 
tons of water are required per ton of coal. Since the 
Port of London Authority prohibits discharging the 
effluent into the river unless it has first been treated to 
remove all solids and to prevent absorption of oxygen 
from the river water, the dissolved SO, must be oxidized 
and the effluent filtered The first step is partially ac- 
complished by providing iron surfaces which catalyze 
the reaction with the oxygen of the gases. Further 
oxidation is brought about by aeration preceding the 
filtration. A final cleanup of the gases is accomplished 
by an alkaline wash. The chief advantage of the proc- 
ess lies in the simplicity of the treatment. It has the 
disadvantages, however, of (1) requiring a large treating 
plant, (2) limited application to places where the acid 
effluent would be permitted, (3) increasing the sulphate 
hardness of the water due to conversion of bicarbonate, 
and of (4) excessively high costs. Operating and capi- 
tal charges are reported to be approximately 36 cents 
per ton of coal which contains about one per cent sul- 
phur. The initial investment for a gas-washing plant 
handling 1.5 million cubic feet of gas per minute is stated 
to be $1,350,000 or about $6 per kilowatt capacity in- 
stalled. 

The Imperial Chemical Industries, Ltd. has developed 
a process for removal of the SO: by scrubbing the gases 
with lime slurry.'. This is now in use at the Fulham 
Station in London and at the Tir John Station in Swan- 
sea, Wales. The success of this process depends on the 
circulation of large quantities of a slurry of calcium sul- 
phite and calcium sulphate crystals to prevent crystalli- 
zation on the scrubber surfaces. An efficient type of 





See Comsustion April 1935, “Removal of Smoke and Acid Con- 
stituents from Flue Gases by a Non-Effiuent Water Process.” 
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employed for regeneration. The follow- 
ing abstract is based upon the report of 
the investigation in Bulletin Series No. 324. 


phur in the coal, operating 
and investment costs would 
exceed $1 per ton. The 
initial outlay required for 
the process equipment for 
low-sulphur coal is approximately $7 per kilowatt ca- 
pacity installed. 

Considerable work appears also to have been done in 
Russia on the direct production of dilute sulphuric acid 
from combustion gases, but no large development has 
been announced. 

Besides these reported results, numerous patents have 
been issued on processes for SO, elimination from com- 
bustion gases. A patent survey made in connection 
with this work has shown over 200 United States and 
foreign patents relating to SO. removal and recovery 
from waste gases. The problem has evidently been of 
interest to inventors for at least 90 years. There are, 
however, several systems in commercial use for the re- 
moval of SO: from smelter fumes. 


Scope of Present Work 


The bulletin describes a new process for the recovery 
of SO, from dilute gases, which depends on absorbing 
with a solution of sodium sulphite and bisulphite, and 
regenerating the absorbing solution by treatment with 
zinc oxide. The absorbed SO: is thereby converted to 
insoluble zinc sulphite. After removal of the solid, the 
solvent is returned to the scrubber. The zinc sulphite 
is dried and calcined under moderate temperature con- 
ditions yielding SO:, water vapor and zinc oxide. The 
process thus consists of two cycles, one for absorption 
and one for regeneration. Every part of the process 
has been studied first in the laboratory and later in a 
small pilot plant operating on stack gases from the Uni- 
versity boilers. The data obtained were presented in 
detail so that a complete design estimate can be made for 
a full scale plant. The operation of the plant has shown 
that the process is applicable to gases containing from 
0.1 to 0.3 per cent SOs, or higher. 

Before describing the proposed process in detail it is 
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well to consider the conditions under which it is to oper- 
ate. 

Flue gases from high-sulphur coals contain from 0.2 
to 0.5 per cent SO. by volume. At one plant, which 
burns coal containing 4.45 per cent sulphur on stokers, 
the average SO, content of the gas is 0.279 per cent for 
10.7 per cent CO. The SO; content is 0.0082 per cent. 
At another plant, burning the same coal in pulverized 
form, the average SO: content is 0.413 per cent when the 
CO, is 13.6 per cent and the SO; is 0.0032 per cent. 
These values indicate that 70 per cent of the sulphur 
enters the gas when the coal is fired on a stoker and this 
is increased to 90 per cent when it is fired as pulverized 
fuel. The amount of sulphur converted to the trioxide, 
or sulphuric acid vapor, is only about two per cent of the 
total gaseous sulphur. Traces of hydrogen chloride 
and oxides of nitrogen are also present. The absolute 
humidity of the gases is about 0.04 Ib of water per pound 
of dry gas. 

The flue gases normally are at a temperature of 275 
to 500 F as they enter the stack. They carry 0.2 to 0.3 
grains of dust per cubic feet under these conditions when 
stoker firing is used and 3.0 grains per cubic feet when 
the coal is pulverized. The normal gas velocity in the 
breechings and stack is from 15 to 40 ft per sec. Ap- 
proximately 500,000 cu ft at 300 F are generated per ton 
of coal. Many boilers burn 12 tons per hr, or more, 
which corresponds to 100,000 cu ft of gas per minute per 
boiler. 

The problem therefore requires the development of a 
process for the treatment of a very large quantity of hot 
dust-laden gases to remove a dilute constituent, amount- 
ing to several hundred tons per day, without undue inter- 
ference with the operation of the plant, or excessive 
costs of operation. 


Advantages of Chemical Regeneration 


In any absorption system the three principal items 
which determine the cost are: 

(1) The quantity of solvent required, which deter- 
mines the cost of pumping and, to some extent, the cost 
of regeneration if used. 

(2) The rate of absorption, which fixes the size of the 
absorber for a given job. 

(3) The value of the raw material consumed if a 
chemical reaction takes place. 

An economic balance must be reached between these 
three items to give the most desirable process. 

Comparison of the processes described in the foregoing 
shows that washing the gases with water to remove SO2 
requires an enormous quantity of relatively cheap ab- 
sorbent. The rate of absorption is low owing to the 
small gradient between the dilute gas and the partially 
saturated solution. In the lime process, a material of 
high cost is consumed, but the absorption is rapid be- 
cause there is no equilibrium vapor pressure of SO: over 
the solution. The concentration difference causing 
absorption is the actual concentration of the gas and 
consequently the rate of absorption is the maximum 
obtainable. 

In the cyclic process of absorbing SO: in a solvent, 
such as a sulphite-bisulphite solution, and regenerating by 
heating, the cost of the solvent per unit of gas scrubbed 
is low, the rate of absorption is moderately high, 
and the quantity of solution circulated is relatively 
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small. A limitation is set, however, by the extent to 
which the dissolved SO, can be removed from the solu- 
tion without excessively increasing the heat required 
for the regeneration. It is also evident that, since re- 
generation by heating must always depend on vaporiza- 
tion of the SOs, some small equilibrium vapor pressure 
of SO, must remain over the regenerated solution. 
When this solution is cooled before being returned to the 
scrubber, the vapor pressure of SO: is lowered, but still 
remains finite. The waste gases leaving the scrubber in 
contact with the entering solution consequently cannot 
be freed completely of the SO... Regeneration by heat- 
ing, therefore, cannot be used for gases containing only 
a few parts per million of SOs. 

Solvents which give a high temperature coefficient of 
the vapor pressure of SO: would be most desirable. Un- 
fortunately, those that have been suggested which have 
this property have too low capacity for use with the dilute 
gases under consideration. Several possibilities exist 
of modifying the cycle by the use of auxiliary agents dur- 
ing regeneration. These are being investigated further. 

The substitution of a strictly chemical process of re- 
generation for heating would remove the disadvantages 
inherent in the latter and would in turn have the follow- 
ing advantages: 

(1) A faster rate of absorption of the SO, from the 
waste gases, due to the greater absorption gradient be- 
tween the gases and the absorbent 

(2) A more efficient removal of the SO, from the gases 

(3) Obviation of the necessity for nearly saturating 
the solution in order to regenerate economically 

(4) The possibility of using the process on more dilute 
gas 

(5) A direct proportionality between the cost of re- 
generation and the amount of SO: recovered 

(6) The possibility of advantageous use of sodium 
sulphite-bisulphite solutions rather than ammonium 
solutions, thus reducing the cost of wastage losses. 

Chemical regeneration can be accomplished by the use 
of any material which will react to remove the SO, 
from the solution. Zinc oxide has been found the most 
desirable for this purpose. 


Description of Process 


The waste gases are scrubbed in a suitable scrubber 
with an aqueous solution of sodium sulphite and bisul- 
phite. The SO: absorbed exists in solution as an in- 
creased ratio of bisulphite to sulphite by virtue of the 
reaction 


SO. + SO;-- + H.O —> 2HSO;— 


After passing through the clarifier which separates 
the suspended solids removed from the gases along with 
the SOs, the solution is sent to a mixer where it is treated 
with zinc oxide. Here the following reactions take place: 


ZnO + NaHSO; + 2!/2H2:O —> ZnSO3.2!/2H20+Na0H 
NaOH + NaHSO; —> NazSO; + H:0 


and the original ratio of bisulphite to sulphite is re- 
stored. The mixture is agitated to promote the growth 
of the crystals. The slurry is then sent either to a 
thickener-filter combination or directly toa filter. Make- 
up water is added here as wash water to compensate for 
that evaporated in the scrubber and lost at other 
points. Incidental losses of solution are made up by 
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addition of soda ash, which is immediately converted to 
sodium sulphite by the SO.. The filtrate is returned to 
the scrubber. 


The zinc sulphite cake is sent through a dryer. It is 
then milled and calcined in a flash calciner heated by 
indirect heat. The hot combustion gases from the 
calciner serve as drying gases in the dryer so that ef- 
ficient use is made of the fuel. The gases evolved from 
the calciner consist of approximately 70 per cent water 
vapor and 30 per cent SOQ. After passing through 
suitable coolers, dryers and compressors the product 
may be obtained as liquid SO: in nearly pure state. No 
CO, can pass over into the product, as this gas is not 
soluble in the absorbing solution under the conditions 
used. The zinc oxide obtained from the flash calciner 
is in the form of a light, fluffy and extremely active ma- 
terial. It is sent directly back to the cycle. 


In the operation of the process some of the dissolved 
SO, is inevitably oxidized to the sulphate. Sulphate 
also accumulates in the solution from the small per cent- 
age of sulphuric acid vapor in the gases, and by oxida- 
tion of the zinc sulphite. Since zinc sulphate is soluble, 
the net effect of this oxidation is a decrease in the sodium 
concentration available for forming the sulphite and bi- 
sulphite. This can be overcome by discarding the solu- 
tion in the underflow from the first clarifier and making 
up with soda ash, or some process of removing the sul- 
phate may be used. A cost estimate on these two alter- 
natives has shown that the latter is the less expensive. 
The following process for desulphating has been found 
satisfactory. 


The correct portion of the solution is withdrawn as a 
side stream with the underflow from the clarifier. The 
underflow contains, in addition to the ash particles, 
precipitated calcium sulphite, the source of which is 
described in the following. This thin slurry is treated 
with sufficient SO, to convert all of the sulphite to bi- 
sulphite plus enough to form some free sulphurous acid. 
Under these conditions the sulphate is precipitated as 
calcium sulphate, or gypsum. The presence of the ash 
facilitates the crystallization and the two solids are re- 
moved together in a small filter. The desulphated 
solution, containing calcium ions, is now treated with 
lime in sufficient quantity to convert all the sulphurous 
acid and part of the bisulphite to calcium sulphite. 
This restores the side stream to approximately the same 
pH as the main stream. Since calcium sulphite is in- 
soluble, the treatment insures that no calcium is pre- 
cipitated along with the zinc sulphite in the regenerator. 
The calcium sulphite slurry, with the desulphated solu- 
tion, is then returned to the clarifier along with the 
scrubber effluent. The calcium sulphite crystals settle 
rapidly and aid in removing the fine ash particles from 
the suspension. The quantity and concentration of 
the underflow removed is fixed by the amount of sul- 
phate formed per cycle of the absorbing solution. 

Each operation in the process has been thoroughly 
investigated in order to determine the optimum operat- 
ing conditions. 


Summary and Conclusions 


An estimate has been made of the type and size of 
equipment required for a plant recovering 21.7 tons of 
SO: per day from stack gases containing 0.3 per cent 
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SOz. The cost of the process compares favorably with 
that of the English installations for removing SO, from 
gases from low sulphur coals, and is much less than the 
cost of the English processes when applied to high sul- 
phur coals. It is estimated that the installed cost of the 
equipment on a plant of this size, treating 100,000 cu ft 
of gas per min at 300 F would be approximately $140,000. 
This would include machinery for liquefaction of SOs. 
The fixed charges and operating costs would amount to 
about $15.40 per ton of SO, or $1.08 per ton of coal 
burned. 

The advantages of the process compared to other 
methods of removing SO:. 


(1) A clear liquid of high absorption capacity is used 
for the absorbent. The liquid is essentially neutral in 
acid-alkaline reactions, thus giving the highest rate of 
absorption and freedom from severe corrosion difficulties. 


(2) Precipitation of scale forming salts takes place 
entirely outside of the scrubber. This permits the use 
of cyclone spray scrubbers without danger of clogging 
of the nozzles. 


(3) The aqueous absorbing solution is composed of 
the sulphites of the non-volatile base, NaOH, so that 
there is no danger of loss of chemical by volatilization. 


(4) The principal product of the process is pure SOx, 
which may serve as a valuable raw material for the 
chemical industry. Only a small quantity of waste 
solids is formed. 


From a technical standpoint, the most serious diffi- 
culty lies in the oxidation of the circulated materials, 
thereby producing sulphates which must be removed. 
This disadvantage, however, is not peculiar to this proc- 
ess alone, but applies to every process of sulphur diox- 
ide removal. Comparison of results obtained with dif- 
ferent types of scrubbers indicates that the wet cyclone 
produces less oxidation than that which occurs with 
other scrubbers. 

The possibility of commercial development of the 
recovery process depends on several economic factors. 
For the production of relatively small quantities of 
liquid SO2, such that there would be no disturbance of 
market conditions, the process should definitely show 
a profit. Furthermore, according to the best available 
estimates of the production costs, by-product SO: could 
actually undersell SO: produced from crude sulphur at 
the present price of brimstone. On the other hand, 
production of large tonnages of SO, inevitably will re- 
duce the selling price to near the value of the sulphur 
equivalent, i. e., $8 to $10 per ton. At this point, trans- 
portation and storage costs become serious, and reduc- 
tion to elemental sulphur would have to be considered 
for at least part of the product. 

The total annual production of liquid SO, in the 
United States at present is about 12,000 tons. Most of 
this is used for refrigeration, as a selective solvent, as an 
antichlor, as a bleaching agent and to a limited extent as 
a chemical reagent. The present users themselves prob- 
ably could not absorb a much greater quantity even at 
lower prices. The possibility of developing new uses 
for cheap SO: exists, however, and this must be con- 
sidered. 
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A.S.M.E. Spring Meeting Papers 


The Spring Meeting of the American Society of Me- 
chanical Engineers will be held at the Hotel Biltmore, At- 
lanta, Ga., March 31 to April3. Although the complete 
program is not yet available the papers to be presented 
under the auspices of the Fuels Division will be as fol- 
lows: 

“Steam Plant Planning for the TVA,” by W. R. Cham- 
bers, Mechanical Engineer of TVA. 

“Conversion of a Wet-Bottom Furnace from Intermit- 
tent to Continuous Slag Tap,” by A. L. Luke, Jr., West 
Virginia Pulp & Paper Co. 

“Combustion of Four Fuels in One Boiler,” by W. J. 
Lutz, Public Service Electric & Gas Co., Harrison, N. J. 

“Utilization of Refuse Coals at 12th St. Station,’’ by 
J. A. Reich, Supt. of Power Plants, Virginia Electric & 
Power Co., Richmond, Va. 

Other papers on power subjects that are scheduled will 
include one on ‘Application of the Emmet Mercury- 
Vapor Process to Existing Power Stations,” and another 
entitled ‘‘Deepwater—1400-Lb Boiler Experiment,’’ the 
authors of which have not been announced. 


Marine Engineering Courses 


In the December issue of COMBUSTION editorial com- 
ment was made on the scarcity of courses in the field of 
marine engineering, as indicated by the annual report of 
the Engineers’ Council for Professional Development 
which listed only three accredited schools as including 
such courses in their regular curricula. Subsequently, 
we have been advised that the College of Engineering at 
New York University has for several years past offered a 
graduate course in ‘“‘Marine Power Plants’; and that, 
beginning next fall, it will offer three additional courses 
covering ‘Applied Naval Architecture,’ ‘Propellers, 
Shafting and Gearing” and ‘‘Marine Power Plants.’’ 
These additional courses will be open to especially quali- 
fied seniors in mechanical engineering. The present 
graduate course remains, as before, to cover advanced 
work in marine engineering. 

Undoubtedly, there are other engineering schools that 
are taking steps to meet the demand for instruction in the 
rapidly expanding marine field. 


C. A. Greenidge Dead 


Charles A. Greenidge, retired vice president and chief 
engineer of the Utility Management Corporation, operat- 
ing subsidiary of the Associated Gas & Electric Company, 
died at Cooperstown, N. Y., on January 23, at the age of 
68. 

Mr. Greenidge was well known among engineers in the 
public utility field in which he had spent many years and 
in 1938 was honored by having the new power station at 
Dresden, N. Y., named after him in recognition of his 
part in its design. 

Born in Barbados, British West Indies, in 1872, he was 
graduated in mechanical engineering from Stevens Insti- 
tute of Technology in 1895, and retired from active work 
in 1939. He was a Fellow of the American Institute of 
Electrical Engineers. 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





Burning Corn in Argentine 


In order to take care of excess production, resulting 
from present curtailment of exports due to the war, and 
to compensate the farmers, the Argentine Government 
last November issued a decree making it mandatory for 
all railways and stationary power plants to burn corn as a 
certain percentage of their fuel. Because of the neces- 
sity of importing coal, the principal fuel in Argentine is 
oil, except in some industries that burn process waste 
as a by-product fuel. The corn is normally hand fired, 
except in a few cases where pulverized coal is burned, and 
in these the relatively small percentage of corn is fed 
into the mill along with the coal. 

A recent issue of The Review of the River Plate states 
that the National Grain Regulating Board has fixed the 
price for corn on the cob to railways as 20 Argentine 
dollars (about $5.75 U.S. currency at present exchange); 
on the cob, to industrial plants at 23 dollars per ton; and 
shelled, to industrial plants at 25 dollars per ton. 


New Brown Boveri Turbine 


The first of a new design of Brown Boveri two-cylinder 
steam turbine was installed at a central station in 
Hengelo, Holland, and in the acceptance tests, conducted 
early last year, showed a thermal efficiency of 34 per cent 
at the most economical load or an average efficiency of 
31.6 per cent, measured between 10 per cent load and full 
load. 

This 30,000-kw, 3000-rpm machine, which operates 
at 650 lb pressure and 820 F total steam temperature, 
is described in the November issue of Brown Boveri 
Review. Referring to the cross-section, the high-pres- 
sure cylinder does not differ materially from previous 
design, the rotor being composed of a shaft forged in 
one piece with the impulse wheel and with the first drum 


carrying reaction blading. The other drums are secured 
to the shaft by lip-welding. 

The problem in designing the low-pressure cylinder 
was to provide a rotor carrying both the medium-pres- 
sure blading and the double-flow, low-pressure blading 
in a limited length. This was accomplished by providing 
a built-up rotor with the sections welded together at the 
peripheries. These sections are composed of drums or 
unbored disks, according to the stresses to which they 
are subjected. It is pointed out that one advantage of 
such a built-up rotor is that it heats up uniformly in a 
very short time at starting, and homogeneous cooling 
after shutting down is assured. The length of the unit 
is about 80 per cent that of a three-cylinder machine. 

Three other machines of this design have since been 
built for 50,000 kw output at 470 Ib pressure and 800 F 
total steam temperature, although it is claimed that the 
type is adaptable to units of 100,000 kw capacity and 
steam conditions of 1200 Ib, 930 F. 


Balanced Fluid-Pressure 
Measuring Device 


The pressure-transmitting fluid between a manometer 
and the point at which pressure is to be measured must 
be a liquid, such as oil, since air is unsuitable because 
of its compressibility. Ordinarily, the zero of the mea- 
suring device is placed at the same level as that at which 
the pressure is to be measured, but where the two must 
be at different elevations there will be an initial pressure 
on the pot which will limit the range of measurement. 

The illustration, reproduced from VDI Zeitschrift 
of September 7, 1940, shows a simple way in.which an 
equalization of pressures for different elevations may be 
had. A liquid column d connects with one leg of the U- 
tube C and balances the liquid column } from A to B, 
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Longitudinal section through Hengelo unit 
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Yarway Blow-off Valves 
are used singly or in tan- 
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which connects with the other leg of the U-tube. Air is 
present within the connection leading from the top of the 
column d, at level B to the mercury within the U-tube C. 
The liquid in } extends throughout the upper bend and 
onto the mercury at level B, within the well h, the liquid 
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Means for equalizing pressures at different 
elevations 


within one leg of this upper inverted bend balancing that 
within the other. The mercury level in C is at zero 
reading at level B, or in balance with the level in well /. 
The lower cup g is adjustable vertically. 

When the funnel a is filled with the liquid up to level A, 
with the petcock e open and f closed, and k is connected 
to the measuring pot, this setting represents the initial 
loading. The liquid level in cup g is then brought to level 
A. 

By closing petcock e and opening f the balance remains 
undisturbed throughout. If the pressure to be measured 
rises, the mercury level in U-tube C rises correspondingly 
and the level in h falls to B’. If the wells h and ¢ are 
alike in section, the level in z also falls to B’ and balance 
prevails, provided the level A is maintained, and if cup g 
has an infinitely large surface. However, a relativey 
large surface in g is practically attainable so that the 
column d shortens only very slightly and the error is 
negligible. 


New Type of Classifier for Pulverizers 


The sketch, reproduced from VDI Zeitschrift of 
November 2, 1940, shows a new design of classifier for 
use with pulverizing mills which differs materially from 
the usual cyclone separator. The flat, cylindrically 
formed separation chamber a is provided with openings } 
through which air enters nearly tangentially, flows in a 
spiral path c, and leaves axially through the opening d. 
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The dust to be classified enters with the air or is fed in at 
e. The coarse dust particles are centrifugally carried 
outward and fall through slots f into the conical hopper g. 




















Section through classifier 


The fine dust leaves the separation chamber with the air 
through the outlet d and must then be separated from 
the air by means of a filter. 








For each particle diameter there is a certain radius for 
which the centrifugal force of the particle and the fric- 
tional force of the air are in balance and the radial parti- 
cle velocity equals zero. Particles of equal size therefore 
tend to move to a definite circular path of given radius. 
Particles which tend to move toward a radius greater 
than Ra will flow out through the slots f for the coarser 
material and particles which tend to move toward a 
radius smaller than Ri will flow out through the offtake 
opening d. In this way the material would be divided 
into two fractions and apparently the remaining portion 
would continue to revolve within the separation chamber 
and continue to accumulate as an ever richer mixture. 


Actually, however, the remaining portion is likewise 
separated in that the predominatingly coarser portion 
passes out through slots f and the finer through opening 
d, resulting in a separation at some boundary between 
the above coarse and fine limits. 


The boundary may be easily shifted by varying the 
ratio of the radial velocity to the circumferential velocity. 
This is arrived at practically, by varying the area of the 
entering air slots and by the introduction of secondary 
air through the coarse material slots whereby the radial 
velocity is relatively increased. In this manner the 
particle size may be regulated at will between 2 to 500 x. 


An advantage over the usual cyclone separators is 
claimed, due to the undisturbed flow obtained by the 
advantageous introduction and removal of the air. The 
article also discusses the theory involved. 





A COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST. 


LEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on these pages may be secured from 
Combustion Publishing Company, Inc., 200 Madison Ave., New York 





Applied Chemistry for Engineers 
By Eric S. Gyngell 


This new book deals with the chemistry of materials 
and processes used by the engineer. The information 
is predicated on a previous knowledge, on the part of the 
reader, up to the Intermediate Engineering Standard 
of London University. However, the lack of this knowl- 
edge, in the judgment of the author, should not prove a 
serious handicap. 

Fuels and combustion are treated fully, with chapters 
devoted to wood, peat and lignite, formation and classi- 
fication of coal, coal analyses and constitution, gaseous 
fuels, liquid fuels, combustion and the like. Metallic 
corrosion is given the next fullest treatment and there 
are chapters on direct attack, indirect attack, anodic 
and atmospheric corrosion, inhibitors and protective films. 

The other sections of the book are devoted to paints 
and varnishes; water treatment and sewage disposal, 
cements and lubrication. 


The book has 328 pages and sells for $4. 


Electric Generating Plants 


The Federal Power Commission has recently released 
two directories pertaining to the supply of electricity in 
this country. One a “Directory of Electric Utilities in 
the United States,’’ contains essential information on 
each of 2035 publicly owned and 1314 privately owned 
utilities. This includes the name of each utility and 
the principal business address, corporate control, officers 
and directors, companies under utility control, assets 
and operating revenues; also, the number of customers 
in each community, the generating capacity, kilowatt- 
hours generated and purchased, companies served at 
wholesale and other services rendered. 

The other, a “Directory of Electric Generating 
Plants,’’ lists all central stations of 1000-kw or more of 
installed capacity, and classifies them according to age 
and size. Generators and prime movers are grouped 
into four-age classifications by decades. Plants are 
classified by type of prime movers, steam, hydro or in- 
ternal combustion; and are shown in groups according 
to class of ownership in each state. There is included a 
27 X 42 in. colored map of the generating plants and 
transmission lines and much other useful information 
such as capacity, fuel and fuel costs for fuel-burning 
plants and gross static head for hydro plants. 

The completely indexed attractively bound utilities 
directory, containing 800 pages 6 X 9, sells for $2. 

The “Directory of Electric Generating Plants’ in- 
cluding the map sells for $1. The commission also an- 
nounces a 4'/, X 7 foot map of “Principal Generating 
Plants and Transmission Lines in the United States” 
which is sold unmounted in two sections for $2.50; 
mounted on linen in one section, with top and bottom 
rollers, $5. 
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High-Pressure, High-Temperature 
Piping 

The A.S.T.M. Specifications for Pipe and Piping Ma- 
terials for High-Temperature and High-Pressure Ser- 
vices, a widely used compilation, is a selection of twenty- 
four of the forty A.S.T.M. specifications covering pipe 
and piping materials. This pertains particularly to 
materials used in high-temperature and high-pressure 
services. The book provides, in convenient form, stand- 
ards which are important to those concerned with power 
plants and industrial installations of piping materials. 
It has wide use in other connections by manufacturers 
and purchasers of materials. 

Eleven of the twenty-four specifications cover various 
types of carbon and alloy steel pipe and boiler tubes, 
etc., including the specifications for classification and 
dimensions of wrought iron and wrought steel pipe. 
Four items cover carbon and alloy steel castings, three 
pertain to bolting materials including nuts, and there 
are four items covering forgings and welding fittings. 
The classification of austenite grain size in steels with 
two grain size charts is also included. 

Copies of this 153-page publication in heavy paper- 
board cover with special ring binding are available at 
$1.25. On orders for ten or more copies special prices 


are in effect. 
4 / 


Steam Turbine Principles and Practice 
By Terrell Croft 
Revised by S. A. Tucker 


This book, one of five in the Power Plant Series, has 
been revised to include the latest developments in tur- 
bine design and application. The principles are the 
same today as they were seventeen years ago when the 
book was first published, but practice and physical ap- 
pearance have changed greatly. It provides the plant 
superintendent, the operating engineers and the manager 
with the information necessary to insure the successful 
selection and economic operation of steam turbines. 

The original Croft treatment, a nonmathematical and 
explicit approach to the study of steam turbines, has 
been retained in the revision. The explanations of 
theory together with their illustrations are clear and 
easy to understand. 

There are fourteen divisions devoted to fundamental 
principles, types and construction, installation, shafts, 
bearings and packing glands, extraction, mixed-pressure 
and exhaust-steam turbines, governors, valves, gears, 
couplings, lubrication, operation and maintenance. 
Also nomenclature and classification, effect of steam 
pressure, superheat and vacuum on steam-turbine 
economy, selection and applications. Special attention 
is given to economics of steam-turbine operation. 

There are 298 pages, 51/2 X 8, and the book sells for $3. 
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echnical Dictionary 


An important feature of this dictionary, recently 
compiled by British editors, is the inclusion of both the 
inglish and American terminologies where these differ 
from one another. Special care has been taken to do 
this, and leading American authorities have been con- 
sulted. Here you can find, in an instant, exact defini- 
tions of many terms you may wish to know, scientific 
words that are new to you, or recently coined technical 
terms. 

The reference contains hundreds of words not found 
in ordinary dictionaries. It will be useful both to the 
specialist who wants to be familiar with terms in other 
fields, and to the layman who wants to know the terms 
used most frequently in science, engineering and in- 
dustry. It meets the demand for up-to-date informa- 
tion as no other reference does. 

It is reported to be the most comprehensive technical 
reference in English, with more than 50,000 entries, 
covering in one compact volume all branches of modern 
science and industry. Among the most up-to-date dic- 
tionaries of its kind, it includes terms resulting from the 
most recent research. The definitions, written by fore- 
most authorities, are arranged for quick reference. 
When a term is used in several branches, the definition 
is specific for each. It succeeds in bridging the lan- 
guage gap between many fields of science, giving in a 
single volume information found otherwise only by re- 
ferring to numerous specialized sources. 

There are 957 pages, 5'/, X 8. The price is $5. 





Save Heat---Save Money 


“® STIC-TITE 


PLASTIC INSULATION 


MORE EFFICIENT 

than block insulation. One _ inch 
thickness of STIC-TITE insulates 
better than 3” of asbestos cement or 2” 
of mineral wool cements. 


BETTER COVERAGE 

100 lbs. of STIC-TITE covers at least 
50 sq. ft—1” thick when dry—no 
shrinkage in thickness; less expensive 
than block insulation. 


ca —", 






EASY TO APPLY 
Simply mix with water and trowel the 
easily molded plastic cement around 
flat, curved or difficult shapes, hot or 
cold. No harmful ingredients; no skill, 
no special tools required. 


SMOOTH-JOINTLESS 
STIC-TITE dries to a clean, smooth, 
strong, jointless, hard finish that can be 
painted. It sticks on tight. 


100% RECLAIMABLE 

Used at temperatures up to 1200° F. 
STIC-TITE can be removed from 
equipment, mixed with fresh water and 
reapplied. 


Use STIC-TITE on 


Boiler Walls, Burner 
Casings, Drum Heads, 
Flanges, Feed Water 
Heaters, Hot Air Ducts, 
Hot Piping, Valves and 
Fittings, Steam Pumps, 
All Irregular Surfaces. 








Write for Bulletin No. 1-62 


REFRACTORY & JNSULATION CORP. 


381 FOURTH AVE. + NEW YORK, N. Y. 
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SOLUTION for an 

problem can be found in the complete 
Davis Line. No matter what the pressures in- 
volved, the degree of sensitivity needed, the load 
requirements, or the type of service wanted, 
there is a Davis Regulator to fit your specifica- 
tions. 

GIVING YOU WHAT YOU NEED IS OUR 
SPECIALTY! In addition to the complete line 
of standard units, special units to meet un- 
usual requirements are being built regularly in 
the Davis plant. Write today for recommenda- 
tions—no obligation. Catalog on request. 
DAVIS REGULATOR CO., 2510 S. Washtenaw 
Ave., Chicago, Ill. 
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ABOVE—A table of the various sizes and 
types of Davis Pressure Regulators available 
as standard stock items. nd for your copy 
of the complete Davis Regulator Service 
Chart now! 


| LEFT—No. 15 Davis Pressure Regulator for 

steam, gas, air, water or oil. Balanced 

counterweighted diaphragm gives accurate, 

sensitive control—unaffected by supply 
pressure variation. 


LEFT—No. 13 Davis 
Pressure Regulator for 
small steam, air, or 
gas-operated equip- 
ment. Quality con- 
struction and ti 
control at a reason- 
able price. 








So 


WRITE TODAY FOR BULLETIN 100-A 


DAVIS 
-REGULATOR CO. 






















One of 4 WING 
Type COM Blowers 
suspended from ceil- 
ing; 8 other WING 
Blowers mounted on 
floor in equally 
cramped quarters. 


DRAFT PROBLEMS 
“CURED” AT 
BELLEVUE 


When the boiler plant of New 
York City’s famous Bellevue 
Hospital was modernized with 
C-E Boilers and Coxe Stokers, 
WING Motorized Blowers were 
installed to supply forced draft. 


For 20 years WING Blowers 
served the old boiler plant faithfully. Now, 
































12 new axial flow WING Compound 
Blowers will assure troublefree service and 
dependable reliability—so vital to hospitals. 

















Space saving was also important. Here 
the compactness of WING Compounds 
fit them neatly in restricted locations. 

















Other outstanding examples of C-E Units equipped 
with WING Blowers, where quarters were exceed- 
ingly cramped, are Central Illinois Electric & Gas 
Co., Lincoln, IL, and Clifford-Jacobs Forging Co., 
Champaign, Ill. 


For that tight job where quietness, precise regula- L. J . WING 
tion and high efficiency are paramount try WING 
COM (Double-Stage) and EMD (Single-Stage) M F G . Cc oO Ld 


Blowers. 
Write for latest Bulletins. 


154-C W. 14th Street 
NEW YORK, N. Y. 















WV MAGNESIA « ASBESTOS 
HEAT INSULATIONS 


At the plant of the Otis Steel Company, Cleveland, 
steel sheets to be annealed are stacked on bases and 
covered with corrugated steel hoods. 
are then swung over the hoods. 


In these annealing operations, the bases are subjected 
to extreme heat and heavy loads. In previous expe- 
rience, the bases broke down after 50 heats—had to 
be rebuilt. Since rebuilding with CAREY HI-TEMP 
and 85% MAGNESIA, the bases are as good as new 
after 50 heats. 

The tougher the job, the more you need CAREY Insula- 
tions. hatever your insulation problem, put it up to 
CAREY. Write for Insulation Catalog— address Dept. 69. 


Gas furnaces 


THE PHILIP CAREY COMPANY « Lockland, Cincinnati, Ohio 


Dependable Products Since 1873 


1N CANADA: THE PHILIP CAREY COMPANY, LTO. Office and Factory: LENNOXVILLE, P.Q 














WORLDY GREATEST ali around 


ELECTRIC TOOL =< 


DRILLS-GRINDS-SANDS 
SAWS-POLISHES 
SHARPENS-CARVES 


The new WHIZ ELECTRIC TOOL is the handiest power 
tool ever made. A rugged tool for power and precision 
work. Drills through '/; inch iron plate in 42 seconds 
or engraves intricate designs. Handles any material: 
Metals— Woods—Alloys—Plastics—Glass—Steel—etc. 
Saves time. Eliminates labor. Plug into any socket 
AC or DC, 110 volts. Chuck '/, inch capacity. Ball 
bearing thrust. Powerful,  triple-geared motor. 
STANDARD MODEL, with Normal Speed (uses 200 
different accessories, instantly interchangeable). 


Price only $7.95. 
The only DRILL-TOOL with a full year’s guarantee 
FREE 


mounted brush, 'polishing wheel, carving burr, etc. 
each tool ordered NOW. We pay postage. 


10-DAY TRIAL—MONEY BACK GUARANTEE 


PARAMOUNT PRODUCTS CO. 
Dept. 3 COM 545 Fifth Ave. New York, N. Y. 






ne ey . 
ba i 


Accessory outfit (Value $2) includes set of drills, 
mounted 114 inch grinder, sanding discs, cutting wheels, 
FREE with 
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SPEC 


ROUND é 
TUBULAR 


Gage Glasses 


recommended 
For steam pressures 
up to 650 pounds 


with 
SPLIT-GLAND 


ADJUSTABLE 
GAGE FITTINGS 


IFY-ERNST 













. ——p- 






CAN BE ATTACHED TO ANY WATER COLUMN 
OR BOILER : 


s 


> 
C-BLACK 
REFLEX GAGE GLASS INSERTS 





Dy 





VERTICAL or INCLINED \ 





NO HOT NUTS \ 
TO HANDLE h 


STOP YOUR GAGE ||. 
GLASS BREAKAGE! 








ERNST SUPERIOR 
WATER COLUMN 
EQUIPMENT 
FOR ALL PRESSURES 
AND TEMPERATURES 


Send For Washer Chart 















HIGH PRESSURE 
GAGE GLASS GASKETS 


“‘They won't blow out’’ 







SAFETY 
FIRST 








LEAKLESS 


al 
COCKS and Flat Glasses Ls pied 


ERNST WATER COLUMN & GAGE CO., LIVINGSTON, N. J. 
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EQUIPMENT SALES 


Boiler, Stoker, Pulverized Fuel 


as reported by equipment manufacturers to the 


Department of Commerce, Bureau of the Census 





Boiler Sales 
Stationary Power Boilers 


1940 1939 1940 1939 
Water Tube Water Tube HRT Type HRT Type 
No. SqFt* No. Sq Ft*®* No. SqFt No. SqFt 
, errs 62 285,042 75 427,658 651 68,639 50 64,511 
Feb...ce 54 386,356 70 340,559 47 51,474 45 58,028 
eee 56 438,980 98 484,220 51 58,529 58 54,752 
BBs coves 89 476,135 62 301,875 56 50,356 36 42,177 
May..... 101 663,721 104 447,722 75 84,094 74 96,037 
Pica, 150 814,210 99 538,736 110 122,026 52 58,793 
FE cccus 111 632,373 88 345,834 89 128,784 59 66,595 
BEBiccess 118 685,212 88 426,206 90 108,680 52 55,714 
Sapts.cers 145 944,970 136 821,849 63 65,218 74 110,082 
Oeb.cccess 127 696,993 118 659,955 106 124,876 58 71,060 
Nov..... 155 992,046 80 580,218 78 93,593 66 75,318 
DOS. coce 124 817,455 54 240,880 67 89,044 39 36,906 
Jan.-Dec. 
Inclusive 1,292 7,833,493 1,072 5,615,712 883 1,045,313 663 789,973 


* Includes water wall heating surface. 
Total steam generating capacity of water tube boilers sold in 1940, 79,- 
781,000 lb per hr; in 1939, 53,619,000 Ib per hr. 





Mechanical Stoker Salest 





1940** 1939 1940** 1939 
Water Tube Water Tube Fire Tube Fire Tube 
No. Hp No. Hp No. Hp No. Hp 
, ae 24 10,770 44 17,067 104 14,745 145 17,842 
errr 31 10,729 46 20,715 118 17,862 140 18,217 
ee 35 17,460 46 19,068 76 12,717 122 15,743 
Micnvexs 36 14,554 50 18,888 89 15,123 114 13,652 
May...... 73 30,930 62 29,245 88 11,402 153 20,010 
ae 65 16,772 83 34,618 152 21,636 184 21,801 
vases 86 31,199 66 20,893 189 27,227 213 30,780 
Bes can’ 78 26,202 65 22,589 274 32,209 311 41,310 
Sept. 81 39,799 94 40,983 305 41,038 345 45,731 
Sie canres 92 38,107 63 23,480 315 42,157 313 39,784 
ee 67 22,107 58 24,307 182 23,300 208 27,428 
Bicncee 71 30,106 44 18,263 183 21,565 163 20,775 
Jan.-Dec. 
Inclusive 739 288,735 721 290,116 2,079 281,321 2,411 313,073 
t Capacity over 300 Ib of coal per hr. 
** Revised for June, October and November. 
Pulverizer Sales 
1940 1939 1940 1939 
Water Tube Water Tube Fire Tube Fire Tube 
No. Lb No. Lb No. Lb No. Lb 
N.tE.t Coal/Hr N.t E.t Coal/Hr N.t E.fCoal/Hr N.tE.tCoal/Hr 
, ee 10 — 214,250 10 — 79,000 iI— 600 —-— — 
eee 15 1 186,935 7 — 89,600 12280 —— — 
Mar.. 17 2 331,800 27— 501560 —-— — —— — 
ee 26 5 270,500 8— 155,050 —— _ _ _ 
May.. 30 5 447,450 19— 401,800 —— —- — 3 1,800 
June. 21 2 360,270 16 1 243,230 —-— — — _ 
[ee 25 2 570400 6— 43,770 —-—- -—-  ——_—_ 
Aug... 37 — 705,860 3 5 103,700 —-— — —— — 
Sept.. 37 3 1,189,460 33 11 556,430 1— 2,800 1-— 1,250 
GRieccs 26 3 405,430 28 2 471410 —-— — 1 2,800 
Nov.. 48 — 622,480 22 — 385,750 —— —- — 38 3,750 
| nee 37 4 418,750 3— 19,200 —-—- I «—>- Ss a— —_ 
Jan.-Dec. 
Inclusive 326 26 5,723,585 182 19 3,050,500 3 2 6,200 2 6 9,600 


+t N—New boilers; E—Existing boilers. 
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Champion’s your answer to steam cost—and 
to overload problems as well. You'll find it de- 
livers maximum evaporation and increased 
overall efficiency every month, and quick re- 
sponse to steam demand every minute. Why? 
Because it’s scientifically cleaned, sized and pre- 
pared to meet your conditions of burning equip- 
ment and load. @ For results—use Champion! 


; 
CHAMPION, COAL 


a ee 











PITTSBURGH COAL COMPANY 
GENERAL OFFICES: OLIVER BUILDING - PITTSBURGH, PA. 


Cleveland, 0.; Sault Ste. Marie, Mich.; Buffalo, N. Y.; Utica, N. Y.; New York City; 
Philadelphia, Pa.; Youngstown, 0. 
PITTSBURGH COAL CO., LTD., London, Ont., Hamilton, Ont.; Toronto, Ont.; Windsor, Ont. 
PITTSBURGH COAL CO. of Wisconsin, Duluth, Superior, Minneapolis, St. Paul 
MILWAUKEE-WESTERN FUEL COMPANY, Milwaukee, Wisconsin 
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Only STUFFING BOX... 


AND THAT EASILY PACKED 
The stuffing box of the 


DE LAVAL-IMO OIL PUMP 


is under suction pressure and is directly accessible. There are neither valves 
nor gears and only three moving parts. Oil of any viscosity is delivered 
against any pressure without vibration, shock or pulsation, and the pump 
operates at standard motor, or turbine speeds. Write for Catalog 1-73. 


IMO PUMP DIVISION 


of the De Laval Steam Turbine Company 
Trenton, New Jersey 














Welding High-Pressure Steam Lines 


Although the welding of high-pressure lines is now 
common in power plant work, practice varies to some 
extent in the technique employed. In the recent ex- 
tension to the Millers Ford Station at Dayton, Ohio, the 
carbon-molybdenum piping for steam at 1300 lb, 900 F 
employs arc-welded joints in which a G. E. shielded arc 
type of carbon steel containing molybdenum in the coat- 
ing was used. The base metal on both sides of the weld 
was heated slowly to approximately 500 F by means of 
electrical-resistance heater units and this temperature 
was maintained during the welding operation by enclos- 
ing the heater units in asbestos. After the weld was 
completed, an asbestos covering was also put over the 
joint in order to retard the cooling operation and thus 
obtain better grain structure. This also reduces the 
temperature gradient between the molten weld metal 
and the adjacent base metal and thereby tends to pre- 
vent cracking and distortion of the weld and adjacent 
sections of the piping. 


G. P. Ellis has lately been appointed District Manager 
of the Cincinnati office of Combustion Engineering Com- 
pany. In addition to previous sales experience, Mr. 
Ellis had been for the past ten years chief engineer of the 
Pittsburgh Board of Education. Mr. E. M. Wilcox will 
continue in the Cincinnati District as an associate of 
Mr. Ellis. Other announcements of additions to the 
Combustion Engineering sales organization are as 
follows: 

Arthur T. Hunter, formerly sales manager of the 
Riley Stoker Company, has joined the staff of the 
Philadelphia District, and Harry A. Stenken, formerly 
chief engineer of the McCahan Sugar Company, has 
joined the General Sales Group where he will concen- 
trate on the field of chemical recovery units. 

Members of the organization who have recently been 
called into the Federal Service are J. H. Peacock, 
Chattanooga, who is now a captain in the Ordnance 
Dept.; Charles Keene, Jr., of the Philadelphia office, 
who has been called to active duty as a lieutenant in 
the Naval Reserve; and Theo. A. Ross, of the ” :tts- 
burgh office, who is also a lieutenant on active service 
in the Naval Reserve. 
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